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ABSTRACT
Graduate students are responsible for much undergraduate instruction (Boyle & Boice,
1998; Luft et al., 2004; Miller, Brickman and Oliver, 2014) and need professional learning that
aims to develop their pedagogical knowledge and instructional skills. The purpose of this
multiple case study was to explore the influence of a pedagogy course that focuses on the
implementation of evidence based instructional practices, on STEM Graduate Teaching
Assistants’ (GTAs) professional science teaching identities. Guided by Thomas Guskey’s (1985)
model of teacher change that relates changes in practice to changes in teachers’ attitudes and
perceptions, the guiding research question and sub-questions were as follows:
Are STEM GTAs' professional teaching identities influenced by participating in a science
pedagogy course?
1. What are STEM GTAs' beliefs about science teaching and learning?
2. What factors nurture or inhibit the development of their teaching identities?
Data sources included anonymous artifacts from 53 participants, as well as interviews and
representations of professional science teacher identity models for a subset of eight volunteers.
Analysis revealed that (i) the professional teaching identities of the STEM GTAs were
influenced by their participation in the course, (ii) STEM GTAs' beliefs about science teaching
and learning include connecting with students, academic identity/content knowledge, and
cultural background, and (iii) the factors that STEM GTAs identified as nurturing or inhibiting
the development of their teaching identities included pedagogical knowledge, self-efficacy, and
mentoring. Conclusions that can be drawn from these findings include the following, which have
implications for research and for practice:
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1. Activities of professional development must recognize the interactions and influences of the
multiple identities of the individual (Fritz & Smith, 2008). The exploration of a teaching
identity must therefore involve the interplay of the GTA’s cultural identity and academic
identity as student researcher and teacher.
2. Professional learning experiences explicitly addressing identity are valuable to STEM GTAs.
Creating representations of their professional teaching identity can serve as a powerful
metacognitive tool to help GTAs reflect on their instructor positionality.
3. Educational developers and departments should provide graduate students with mastery
experiences and mentorship to help develop their academic self-concept and professional
teaching identity.
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CHAPTER I: INTRODUCTION

The improvement of STEM teaching is critical to the nation’s future (Augustine et al.,
2010, Cadwalader, 2013; Handelsman et al., 2004; NRC 2010 p.4, 2012a, 2013; PCAST, 2012;
Sonnert et al., 2007; The White House, 2009). Despite widespread efforts to revitalize teaching
and learning at the postsecondary level, instructional practices have not significantly changed,
and STEM attrition rates continue to rise (Bok, 2006; Handelsman et al., 2004; Seymour,
2001). The scientific literature regarding Discipline-Based Education Research (DBER)
provides strong evidence that evidence-based instructional practices are effective in reaching all
students, especially in STEM gateway courses. While this is promising, science educators are
now faced with the challenge of how best to (i) change faculty’s conception of teaching and
learning and (ii) “catalyze widespread adoption of empirically validated teaching practices”
(Handelsman et al., 2008; PCAST, 2012).
Graduate teaching assistants (GTAs) provide a considerable fraction of undergraduate
STEM instruction, yet these groups of teachers continue to be marginalized in the reform efforts
(DeChenne, 2012; Gardner & Jones, 2011; Kendall & Schussler, 2012). STEM graduate teaching
assistants not only represent the future of academic STEM instruction; they are also major
influences on students’ developing science identities, career choices and influence student
retention in many ways. (DeChenne, et al., 2012 p. 102; O’Neal et al., 2007). Although STEM
GTAs enter graduate programs with significantly more undergraduate coursework and research
experience, an understanding of GTAs’ conceptions of science teaching and learning is
necessary to the conversation on improving the quality of undergraduate STEM instruction. This,
we believe, is essential to helping them navigate their STEM degrees to completion whilst
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developing sophisticated pedagogical content knowledge (PCK) required for effective and
meaningful instruction.
To date, there has been little research on how STEM graduate teaching assistants develop
their professional identity as post-secondary pre-service faculty. Although the current literature
on professional development for graduate teaching assistants emphasizes a need for better
training, these studies mostly focus on atomistic teacher attributes (self-efficacy; metacognition
awareness; PCK) and do not take into consideration the entire academic identity (Boyle & Boice,
1998; DeChenne, 2012; Luft et al., 2004;). This causes a systemic problem because we frame the
individual as a failure without taking into consideration the institutional factors as well. What is
needed therefore is a holistic, integrated professional development model that encompasses the
GTA’s academic and science identities as well. To this end I attempt to develop a professional
development model that makes sense of the personal, relational and contextual experiences of
GTAs in STEM disciplines.
Consequently, the purpose of this study is to explore the influence of a professional
development course that focuses on the implementation of evidence-based instructional
practices, on STEM GTAs’ professional science teaching identities.

Mapping the Landscape: STEM Education in the United States
Defining STEM
Despite the United States’ competitive edge in STEM industries, the nation continues to
experience a decline in the output of STEM talent qualified to meet workforce demands.
According to the United States Department of Commerce, it is estimated that by 2020, the
country will demand 123 million highly skilled workers with a set of skills, commonly referred
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to as STEM (Gordon, 2009). The U.S. Bureau of Labor Statistics (BLS) projects that during the
period 2008-2018, employment in science and engineering occupations will grow by more than
double the rate for all occupations (BLS, 2012). Although recent figures show that there is an
increase in the number of STEM graduates, only 50 million Americans possess the necessary
skills or interest to fill these jobs in the near future (Howell & Saltman, 2007; NRC, 2010a). The
problem becomes even more compounded when we look at the latest STEM employment
figures. In July 2016, the U.S. Census Bureau and the American Institutes for Research reported
that while roughly 60% of STEM graduates actually pursue STEM or STEM-related careers,
only 25% of STEM bachelor’s degree holders is currently employed in a STEM job ((Lori &
Berger, 2014; US Census Bureau, 2012). The 2010 report Rising Above the Gathering Storm
prepared by the National Academy of Sciences, National Academy of Engineering, and the
Institute of Medicine (Augustine et al., 2010), echoes the same concerns from policymakers and
the private industry: The United States is at a critical crossroad in its ability to close the
workforce gap, sustain its robust economy and remain globally competitive. As a result,
contemporary reform efforts have called for a fundamental change in STEM education at all
levels to support the next generation of scientists and innovators (Augustine et al., 2010,
Cadwalader, 2013; NRC, 2010 p.4; 2012a; 2013; Sonnert et al., 2007).
The creation of a scientific citizenry has long been of interest to the federal government.
President George Washington in his first State of the Union address urged Congress that the
promotion of scientific knowledge was in the best interest of the country. It was not until the
1950s however that the STEM obsession took a major turn when the Soviet Union was
producing nearly twice the amount of scientists and engineers than the United States (C&EN,
1955). In 1955 alone, the Soviet Union was producing 50,000 engineers while the United States
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was producing only 17,000 engineers. In an effort to remain competitive with the Soviets,
Admiral Hyman Rickover called for more math and science education to support the national
security crisis (Rotherham, 2011). After the 1957 launching of the Sputnik Satellite, Congress
passed STEM legislation to support science and math education and, ever since, congressional
support of STEM education has increased significantly.
The global economic market in the 1980s marked an additional challenge for STEM
education policy. Japan’s rapid GDP growth became a matter of urgent national interest for
Americans (Vogel, 1981). Although the US economy reclaimed its global power in the 1990s,
concerns over China’s potential takeover refueled the STEM anxiety once again, and in 2007, the
National Academies of Science (NAS) called for a greater commitment to STEM education to
maintain its position as a global leader. The 2007 report titled Rising Above the Gathering Storm:
Energizing and Employing America for a Brighter Economic Future, warned federal
policymakers that the education system was the key to improving national prosperity and
security by ensuring career availability for future generations (Regelski, 2014). As a result of
these challenges, the STEM conversation now centers on two issues: 1) building a strong STEM
workforce and 2) improving STEM education.

The STEM Titration
Employment projections by the United States Department of Labor show that the fastest
growing occupations are in STEM fields and 7 in 10 jobs will require a solid background in
STEM. Additionally, 80% of these jobs will require skills in technology. Due to the overall poor
science achievement of US students and continued departures from the STEM fields, the United
States has become increasingly dependent on foreign–born talent to close the workforce gap (US
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Department of Homeland Security (DHS), 2013). In 2011 President Obama restated his support
for immigration policies that embrace highly skilled international students working in the fields
of science and technology. Since then, the Department of Homeland Security (DHS) has
expanded the list of STEM degree programs that grant eligible students visas to work in these
fields for an extended period (DHS, 2016).
Still debatable is the claim that the nation’s education crisis is exaggerated and there is no
evidence of a shortage of scientists. Critics claim that the STEM anxiety created by policy
makers is merely a neo-liberal agenda designed to allow more companies to hire cheap
immigrant labor (Hira, 2010; Matloff, 2008; 2012). For example, in a report by Microsoft
Corporation, it was recommended that Congress increase the number of non-immigrant guest
worker visas to fill the alleged workforce gap between now and 2020 (Microsoft 2012, pg.3).
Using projections from the Bureau of Labor statistics, Microsoft claimed that even with 40, 000
computer science majors graduating annually with bachelor’s degrees, many of the 120,000 job
openings each year will go unfilled. Analysts however argue that Microsoft and other STEM
employers already have an adequate supply of skilled workers and there is no need to increase
the visa cap (Finn, 2012; Lowell and Salzman 2007; NSF, 2012; Salzman, 2013). In fact, a
recent report from the New York Academy of Sciences entitled The Global STEM Paradox
(NYAS, 2014), revealed that while the U.S. produces twice the number of STEM graduates
annually, many STEM workers including those with STEM PhDs. still struggle to find
employment in STEM fields (U.S. Census Bureau, 2013). Critics, however, believe that claims
of shortages and mismatched skills are simply ploys by employers to outsource labor instead of
training domestic labor (Cappelli, 2015; Salzman, 2013; Salzman et al., 2013).
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Even if there was in fact a neo-liberal agenda to keep wages low, the simultaneous claims
of both a shortage and a surplus of STEM workers have sparked a debate that is necessary
(Cappelli, 2015; Salzman, 2013). According to the National Science Foundation, students will
need to develop their STEM capabilities to succeed in this information rich and highly
technological society (p.1). As new technology is created, job roles are being transformed into
new industries and this impacts everyone. For those interested in STEM-related majors and
careers, it will require applying and using STEM content knowledge (NRC, 2010). Beyond the
workplace, making informed decisions as citizens and consumers regarding common issues
related to health, the environment, transportation, food, and energy will require some form of
STEM literacy. Regardless of whose agenda promotes STEM literacy, STEM education must
provide a solid knowledge base for all learners at levels (Holdren, 2009).

STEM Education
In the last decade, STEM education has grown into a multifaceted national, state and
local initiative partly due to increased federal funding and increased emphasis from the National
Science Foundation and several non-federal initiatives. The premise behind these STEM
initiatives is that as we become more globalized and knowledge based, the benefits and
challenges we face will require a scientific literate citizenry of critical thinkers who will be the
next generation of problem solvers. In a response to this need, the National Academies made
three recommendations: 1) increasing the number of students pursuing advanced degrees and
STEM careers; 2) expanding the STEM workforce and 3) increasing science literacy for all
students (NRC, 2010 p.4). For STEM educators, this means building a strong STEM foundation
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through a well-rounded curriculum that ensures all students are exposed to STEM throughout
their educational career (NRC, 2013).
Several initiatives at the national level been created to promote STEM education.
(Augustine et al., 2010; Cadwalader, 2013; NRC 2010 p.4; Sonnert et al., 2007). If we examine
the twenty years between 1987 and 2007 alone, over 200 bills containing the term “science
education” were introduced into Congress. In 2011, the federal investment in STEM education
programs was estimated to be between $2.8 billion and $3.4 billion. Today those STEM
education-related provisions are estimated to be about $3 billion annually. Some of these include
the American Competitiveness Initiative (2006) and the America COMPETES Reauthorization
Act of 2010 that trains STEM teachers; the STEM Education Coalition that supports STEM
related programs such as the National Science Foundation, the National Institutes of Health and
the US Department of Education; and a new initiative founded by the Carnegies Corporation of
New York, Opportunity Education and New Schools Venture fund called “100k10” designed to
recruit and prepare 100, 000 highly skilled STEM teachers over the next 10 years. One would
think that with so much emphasis and investment in STEM education that students would do
better and would want to pursue STEM careers. Yet despite all these efforts, recent test scores
indicate other systemic problems.
According to the last PISA report (OECD, 2016), the United States ranked below the
OECD average in mathematics and performed better than the average in science. Since 2009, the
US slipped from 5th to 35st in mathematics and from 20th to 25th in science (Kastberg, Chan &
Murray, 2016; Mokoto, 2013; OECD, 2012; 2016). In addition, science achievement
scores reported by major reform documents and science education literature show that minority
students continue to perform well below their mainstream counterparts in science (National

7

Center for Education Statistics, 2013). A recent NSF study shows fourth grade girls (66%) are as
likely to report they like science as boys (68%). Yet by eighth grade, boys are twice as interested
in STEM careers as girls are (NSF, 2012; NCSES, 2000; NAEP, 1996; 2005). Although the
numbers of women who pursue STEM careers have increased in the last decade, African
American and Hispanic women are still behind in science achievement and participation in
STEM fields when compared to other ethnic/racial groups (NSF, 2011; 2013). Several studies
also reveal that female attrition tends to continue throughout high school, college and even the
workforce (NCSES, 2012; NSF, 2013). The decline in girls’ interest in science and math may be
attributed to several societal and social pressures that influence their perception and attitudes
towards science. Some of the barriers that continue to discourage minority girls to pursue STEMrelated careers include: competitive science experiences; lack of mentorship and role models;
appropriate career choices (Brown, 2002; Ferreira, 2000; Griffith, 2010; Lewis; 2003) and their
learning experiences in the classroom.
Due to the persistent science achievement gaps between white and other racial/ ethnic
groups coupled with overall poor science achievement of US students, contemporary reform
efforts have shifted from a focus on students’ acquisition of content knowledge to promoting the
epistemic nature of scientific practices in science classrooms (Duschl, 2007; NRC, 2013).
However, in spite of this emphasis in reform documents, school science, as it is typically
experienced, has played into those hegemonic roles by emphasizing authoritarian pedagogical
strategies and classroom tasks, rather than creating learning spaces where students are
encouraged and supported to appropriate epistemic and social norms of science. In other words,
students are not given the opportunity to develop, practice and sustain scientific identities. As a
result, informal educational opportunities now serve to promote STEM outside of the classrooms
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by providing informal experiences that expose and meaningfully engage students in science
(Bell, Lewenstein, Shouse & Feder, 2009).
A growing body of evidence suggests that informal experiences do in fact play an
important role in the development of scientific skills, practices and knowledge as they provide
authentic experiences for students to engage in science (Alexander, Entwisle, & Olson, 2007;
Bell et al., 2009; Dorph, Schunn, Crowley, & Shields, 2012; Downey, Von Hippel, & Broh,
2004; Falk & Needham, 2013; Osborne et.al 2014). It is no surprise then that the informal
science education sector has grown tremendously with the emergence of science centers,
museums, hobby clubs and afterschool programs (NRC, 2010c). Still, educators are concerned
that while students do in fact develop interests in these programs, it may not be enough to sustain
that newly constructed scientific identity when they return to the classrooms (Augustine et al.,
2010, Cadwalader, 2013; Sonnert et al., 2007). Educators add that there is still a need for a solid
K-12 science education to make sense of all scientific information and learning experiences.
The creation of National Standards in science has always been an issue for debate. In
2012, after several versions and public feedback, a national science standard that reflected the
scientific literacy skills needed for the 21st century was developed (NRC, 2013). These new
standards, The Next Generation Science Standards (NGSS) were created primarily to promote
the integration of math and technology integration into science and engineering practices, a skill
set that the workforce presently needs (NRC, 2012a, 2013). Based on the National Research
Council’s Framework for K-12 Education, key standards in the document highlight scientific
practices such as scientific argumentation, the development of models, and constructing and
engaging in scientific argumentation. Even with the endorsement of both the National Science
Teachers Association (NSTA) and the National Association of Research in Science Teaching
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(NARST), many states have yet to adopt the standards (NSTA, 2016). Concerns vary from
curriculum design to not having enough skilled teachers; and the confusion about how to teach
integrated STEM. This leads us to a critical problem in STEM education: How do we teach
STEM to our students? Do we teach these skills in isolation or do we integrate these skills in
every course?

Standardizing STEM
What is STEM? Ask the average twelve-year-old what “STEM” is and they may they
may just say “science stuff.” While this may not be the exact answer you were expecting, the
word “stuff” actually describes the many nuances associated with the term “STEM”. While it
may seem obvious the acronym stands for Science, Technology, Engineering and Mathematics,
to date there is no “clear classification of the specific disciplines that comprise STEM” (Koonce,
et. al., 2011). One of the primary conflicts regarding the definition of STEM is the differing
meaning among stakeholders concerned with the development and expansion of the nation’s
workforce and providers of STEM education. Whether our concern is funding for scientific
research, visas for foreign workers, science literacy or fellowships and scholarships for STEM
majors, the question of what we mean by “STEM” must be defined for those responsible for
educating the national populace.
Even amongst educators, what STEM actually means is not so clear (Williams, 2011).
STEM education has been used to identify “individual disciplines or subjects; a stand-alone
course; a sequence of courses; activities involving any of the four areas; a STEM-related course,
or more recently, [integrated STEM] (Johnson, 2012; Scheeren, 2015)”. This variability of
course becomes problematic when we begin discussing strategies for improving STEM
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instruction. How can we teach what we cannot define? How do we teach STEM subjects to
properly prepare students for STEM careers?
Similar concerns for a standardized definition have been shared by industry, research
institutes, government organizations and academic entities that increasingly focus on STEM as a
key driver of innovation. Presently STEM is the fastest growing sector of the economy after
healthcare. It is estimated that by 2018, 1 in 20 jobs will require a skilled workforce that the U.S.
is struggling to provide. While it is becoming increasingly clear that the promotion of STEM
careers must begin as early as elementary school, postsecondary education must in this moment,
retain as many students as possible. Additionally, if the goal is to create STEM literate citizens,
highly qualified teachers are needed to motivate, inspire and train the nation’s future scientists.
With that in mind, and for the purposes of this study, the definition of STEM needed to guide
this research must encompass most, if not all, concerns regarding improving STEM education at
all levels.
In April 2012, the Standard Occupational Classification Policy Committee (SOCPC), a
committee comprising nine federal agencies, was charged with standardizing occupational
definitions. The recommendation of the Committee placed workers into three domains: STEM,
STEM-related and non-STEM. STEM includes computer workers, engineers, mathematicians
and statisticians, physical sciences, life sciences and social sciences. Healthcare workers and
architects were included in the STEM-related domain. All other occupations were deemed nonSTEM. Although this classification makes comparisons of the STEM workforce across federal
agencies and organizations more consistent for the Census Bureau, agencies like the National
Science Foundation (NSF), the Immigration and Customs Enforcement (ICE) and the
Department of Homeland Security (DHS) still define STEM differently. While the DHS and the

11

ICE place emphasis on the fundamental sciences such as chemistry, physics, mathematics,
computer science, information science and engineering; the NSF uses a much broader definition
that includes psychology and the social sciences in addition to the traditional core sciences and
engineering. Interestingly enough though, the NSF is the only federal agency whose mission
does not support fields in the medical sciences.
Although a nationally agreed upon definition for STEM is currently lacking, one thing
remains clear; education policy has significant implications for workforce development, national
security concerns and immigration policy. Maintaining our global economic competitive edge
will require strategic preparation of students for postsecondary study and the 21st century
workforce. Considering the multiple definitions of STEM with respect to education, workforce
development and labor, for the purpose of this research, the definition of STEM that best
supports the STEM education goal to increase scientific citizenry will be used. For the remainder
of this study, the definition of STEM will include all core sciences identified in the mission of
the National Science Foundation (NSF) with the exception of the social sciences.

Undergraduate STEM Education
Undergraduate education plays a crucial role in the nation’s ability to maintain its
position as a global leader. Addressing the nation’s future challenges will require high levels of
expertise in science, technology, engineering and mathematics (STEM). According to the
National Science Foundation, “higher education provides advanced work skills needed in an
increasingly knowledge-intensive, innovation-focused economy and society (NSF, 2012).”
Arguably most important and challenging is the role of undergraduate STEM education in
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supporting all levels of learners and all learning environments designed to develop a STEMliterate populace and a highly qualified workforce.
Recent concerns about the declining percentages of students choosing STEM majors
and/or pursuing graduate education has generated serious discussions among educators and
policymakers about the ways in which we can improve the quality of teaching and learning in
these disciplines. According to the National Science Board (2012), only one third of freshmen
express interest in a STEM major before starting college. While this may seem like wonderful
news to STEM educators, enrollment figures indicate that only about fourteen percent actually
pursue a STEM major (Snowder & Dillow, 2011). In fact, several studies (Bettinger, 2010; Chen
2009; Goulden, Frasch, & Mason, 2009; Kokklenberg & Sinha, 2010; Lowell et. al 2009)
indicate that an estimated fifty to sixty percent of postsecondary students who initially intend to
study a STEM major, left those fields within the next six years. The social and economic
consequences of these enrollment trends have serious implications for the future of the STEM
pipeline (Committee on Undergraduate Science Education 1999; Fairweather, 2008; PCAST,
2012). If the goals are to: produce 100,000 highly skilled teachers in ten years; increase the
number of persons employed in STEM fields; and create a scientific citizenry, educators must
begin to rethink the ways we prepare undergraduate STEM instructional faculty in pedagogy and
practice.

Current STEM Instructional Practices
The improvement of STEM teaching is critical to the nation’s future. Universities
recognize this urgency and have invested significant expenditures of time and money on research
to revitalize teaching and learning at the postsecondary level. The success of these initiatives
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relies to some extent on retaining these students in the STEM disciplines and, even with these
widespread efforts, instructional practices have not significantly changed and STEM attrition
rates continue to rise (Bok, 2006; Eagan et al., 2013; Handelsman et al., 2004; Seymour, 2001;
Van Noy & Zeidenberg, 2014). Whether or not this high attrition rate is unique to STEM fields,
the persistent challenge to recruit and retain STEM majors has raised serious concerns among
educators as how best to improve the teaching of science, technology, engineering, and
mathematics (STEM) at the undergraduate level.
The first step in improving undergraduate STEM instruction is documenting existing
practices. A 2004 NSF National survey on faculty instructional approaches showed that STEM
faculty members were, on average, the least likely to use any form of active learning
instructional strategies in their classes. Survey responses were consistent with studies that
revealed that the traditional lecture was the most commonly used classroom teaching method
(Fairweather, 2005, Luft et. al, 2012; Macdonald et. al, 2005). In the study by Macdonald and
colleagues (2005) on faculty members in the geosciences, 65% of those teaching introductory
courses and 56% of those teaching courses for majors indicated that they lectured in nearly every
class. If the teaching abilities of STEM faculty are key predictors of student success and the
research literature on the attrition of STEM students suggests that “poor teaching abilities in
colleges and universities are turning students away from science” (Seymour and Hewitt, 1997;
Tanner and Allen, 2006), it is imperative that teaching practices reflect the ways that students
learn (Bransford, Brown, & Cocking, 2000 ; Tobias, 1990; Tanner and Allen, 2004).
Broadening participation in the STEM fields will require teaching practices (Bransford et.
al, 2000; Brown, Hershock, Finelli, & O'Neal, 2009; Darling Hammond, 1997, p.154 -162;
Waldrop, 2015; Wood, 2009, p. 96- 97 that reflect the growth and changing composition of the
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US population (Colby & Ortman, 2014). Recent enrollment trends show that although
underrepresented minorities are fewer as a whole, they are an increasing fraction of
undergraduate students compared to their white counterparts who are a decreasing fraction (NSF,
2013). Additionally, demographic data on gender show that across all ethnic/ racial groups, more
women are enrolling in college than men (NSF, 2013). Yet despite these improvements, students
from underrepresented groups are still choosing other non-STEM careers. Without a strong math
and science foundation or general interest, studies have shown that traditional teaching practices
provide little if any motivation for these groups to pursue a STEM major.
Equally as important as providing students with the necessary knowledge and skills to be
successful in future careers, is the research on STEM learning and instructional strategies.
Helping students understand science concepts is a complex task at all levels of education. In
every discipline of science and engineering, students have difficulties understanding, interpreting
and creating representations that are unique and central to a given domain (Wood, 2009). Extant
research by cognitive scientists and educators provides strong evidence that students learn in a
variety of ways that traditional approaches do not support or emphasize (Bretz; 2005; Gardener
1985; Wood, 2009 p.94). Biology educators, for example, have long been concerned about the
ways students best learn (individual vs. collaborative; memorization vs. conceptualization). More
recently, however, the focus has shifted to include effective instructional practices and
undergraduate learning (Singer et al., 2003). Research must therefore focus on improving
undergraduate STEM instruction through evidence-based reforms (Wood, 2009).
In an effort to understand the factors that facilitate a change in undergraduate STEM
instructional practices, Henderson and his colleagues (Henderson et. al., 2008) identified three
distinct research communities involved in improving undergraduate STEM education: Science
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Education Researchers (SER), Faculty Development Researchers (FDR) and Higher Education
Researchers (HER). Findings revealed that while the work of the groups are complimentary,
education researchers, administrators and STEM faculty do not have shared and accepted ways
to describe and measure the important aspects of teaching. The study recommends that while
each of the three groups has its own preferred type of change strategy, it would be best that each
group learn about the strategies of the other group and incorporate aspects of these strategies.
In summary, the current status of undergraduate STEM teaching practices is
characterized by several challenges: 1) the growing need to provide effective learning
experiences for a diverse population while maintaining low costs; 2) the changing trends in
STEM curriculum and teaching; 3) mismatch of expected learning outcomes and industry needs;
4) institutional policy and faculty attitudes to teaching; 5) resistance to change in teaching
methods, and 6) diverse teaching faculty and inadequate teacher preparation (Henderson et al.,
2008). And while K-12 faces similar challenges as those highlighted above, significant to this
study are the last three issues regarding postsecondary STEM instructional faculty. In order to
meet the challenges facing undergraduate STEM education, STEM faculty must possess the
pedagogical content knowledge necessary to teach effectively.
Henderson’s recommendation has critical implications for improving undergraduate
STEM education and STEM faculty teacher preparation. Facilitating a change in STEM
instructional practices will first require science education researchers to step out of the comfort
of their disciplinary silos and generate a discussion about how best to improve current teaching
practices. Although there is a wealth of information on reform-based practices available,
administration and STEM faculty may be unaware of their existence and potential use. If STEM
educators can develop the language and tools to describe these innovative practices as a way to
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improve student learning and enhance institutional capacity building, STEM departments and
administration may be more inclined to support a change.

The STEM Graduate Teaching Assistant (GTA)
One of the greatest challenges in meeting the goal of increasing the number of STEM
graduate degrees in the United States is the level of debt accrued by students (Zeiser, Kirshstein
& Tanenbaum (2013); Zeiser & Kirshstein, 2014). At the graduate level a disturbing 50% of
doctoral students fail to complete the degree (Cassuto, 2013). Burdened by an already existing
debt from undergraduate tuition, many students choose not to continue studies, and if they do,
sometimes leave the programs seeking employment. A recent report indicated that although 40%
of all student debt financed graduate education, only about 16% of all students are graduate
students (Delise, 2014; Zeiser et al., 2013; Zeiser & Kirshstein, 2014). Recognizing this
challenge, many colleges and university utilize institutional funding in an effort to recruit
students to graduate programs. In a recent study conducted by the American Institute of
Research, it was reported that about 90% of STEM PhD recipients funded their education
primarily through institutional sources. Of those students receiving institutional aid, the primary
source of funding (61%) was assistantships (Zeiser et al., 2013; Zeiser & Kirshstein, 2014).
Assistantships are paid work-study opportunities offered to graduate students to help
finance their education. At the graduate level, three types of assistantships are generally offered:
the graduate assistant (GA), the graduate research assistant (GRA) and the graduate teaching
assistant (GTA). While most students tend to hold one or more of these positions at a given time
in their graduate career, these opportunities provide a form of apprenticeship and help prepare

17

the graduate student for a career in teaching and/or research while completing their departmental
degree requirements (Park, 2002; Park & Ramos, 2002).
The graduate teaching assistant (GTA), as the title suggests, is a usually a doctoral or an
advanced master’s student who is used part time to provide assistance to the supervising faculty
of a course (Park & Ramos, 2002). Depending on the student’s matriculation level, teaching
experience or discipline, the graduate teaching assistant may be fully responsible for instruction
and listed as teacher of record. In this case the term graduate teaching associate is used.
According to Comprehensive Standard 3.7.1 of the Principles of Accreditation regarding faculty
credentials, the Southern Association of Colleges and Schools (SACS), a graduate teaching
associate “must have earned at least 18 graduate semester hours in their teaching fields.” In
addition, the associate must “receive regular in-service training” and “be regularly evaluated.”
Although graduate teaching associates are expected to work autonomously, the department
provides instructional materials and guidance with drafting syllabi and other related activities.
Whether it is instructor of record, co-teaching, or tutorial assistance, the defining characteristic of
a teaching assistantship is a controlled, monitored student teaching opportunity.
The nature of a teaching assistantship in the STEM disciplines will vary by school and
discipline, which makes a generalizable definition difficult (Marincovich et. al., 1998).
Depending on the STEM discipline, GTA roles vary from complete independence in course
instruction to a more passive role in the teaching process with limited tasks such as: preparing
and supervising exams; grading; taking roll and tutoring. While it could be argued that the
differences in tasks lie in the demand for the course (e.g. a bottleneck course lower-division
course vs. an upper-level course), the typical STEM GTA responsibilities involve one or a
combination of the following: lecturing, leading tutorials, lab demonstrating and more recently,
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supervising undergraduate research projects (Hughes and Ellefson, 2013; Park, 2004; Wyse,
Long, & Ebert-May, 2014). For the purpose of this study, a STEM graduate teaching assistant
(GTA) is a graduate student who delivers a wide range of instructional-related activities in a
STEM (Science Technology Engineering and Math) discipline.
A majority of STEM courses have constructed science lab activities where students learn
to employ experimental methods to solve problems (Cogan, 2009). The laboratory session
(commonly known as “lab”) may contribute to a portion of the course grade or be established as
a stand-alone course with its own assigned grade. This portion of the course is designed to
supplement instruction by giving students an opportunity to participate in the epistemic and
social practices of scientific inquiry. Students typically work independently or in small groups,
depending on course level, for about two to three hours per session. The GTA responsibilities
will vary from discipline to discipline but may involve leading a pre-laboratory discussion;
setting up labs, training for the use of technologies and the reading and grading of reports.
In addition to the above, STEM graduate teaching assistants are expected to be trained in
hazardous waste management procedures; emergency procedures; and safety measures and
guidelines on handling hazardous chemicals. This is most important for GTAs who are
supervising students in introductory courses because the students themselves are expected to
know the safety policies as well. It is the responsibility of the GTA to ensure that all students
adhere to the safety policies; report all injuries and inform supervisors of unsafe conditions in the
lab; and report all injuries and be proficient in hazardous waste management, as the action of one
affects everyone in the lab and those in the building. Graduate teaching assistants are required to
also know the content from the lecture to help students connect theory with practice.
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STEM GTAs: Problems or Solution?
Given all the above responsibilities and their immense workload, it should therefore
come as no surprise that STEM graduate teaching assistants are an invaluable resource to higher
education institutions and a vital part of an institution’s undergraduate program (Park, 2004;
Sundberg et al., 2005; Wise et al., 2014). Not only are STEM GTAs an inexpensive form of
labor versed in discipline-specific content, STEM GTAs provide a significant fraction of
instruction especially in large introductory undergraduate science, technology, engineering and
technology (STEM) courses (DeChenne et. al, 2012; Fagen & Wells, 2004; Golde & Dore,
2001). According to a survey conducted by Rushin et al. (1997), 97% of 153 graduate schools
utilized GTAs to teach laboratories and/or lectures in biology courses. In a 2005 study,
Sundberg, Armstrong & Wischusen reported that introductory biology courses were taught by
graduate teaching assistants (GTAs) at 71% of comprehensive universities and 91% of the
research universities in the United States. In regard to chemistry lab instruction, studies
(Abraham, et. al, 1997) found that GTAs provided 88% of the instruction at large universities (N
>12000). While content and structure vary from institution to institution, these figures highlight
the continued reliance on GTAs in undergraduate STEM education.
STEM GTAs are perhaps one of the most significant influences on students’ initial
learning experiences and their developing science identities. Although not an explicit job
responsibility, graduate teaching assistants inadvertently are admission recruiters for the STEM
disciplines. Whether or not they are viewed as such, GTAs provide a visual image of what
scientists do for students who are interested in STEM careers. While on the surface, these images
and experiences may not seem as important, they do in fact contribute to student retention.
Because entry into the STEM pipeline for the most part is linear, the need for students to declare
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a major early in college is critical to minimizing time and costs spent in pursuing the degree
(Frehill, 1997). In studies regarding undergraduates’ perception of instructors, researchers found
that GTAs do in fact possess positive attributes that personalize the teaching experiences for
students (Kendall and Schussler, 2012; 2013; Park; 2002; Muzaka 2009). Given the frequency of
their interactions with undergraduates, GTAs can readily identify students who demonstrate low
motivation or academic self-concept and assist them before they decide to change majors.
Graduate teaching assistants play an integral role in the preparation of future K-12
science teachers. Although content needs of secondary teachers vary from their elementary
colleagues, secondary teachers must be proficient in their academic discipline area and have the
pedagogical content knowledge to differentiate curriculum to reach all students. If the science
learning experiences of teachers consist of the traditional lecture and cookbook labs, then it is
more likely that they will utilize the same pedagogical styles in their classrooms. This traditional
approach to educating teachers (and students) often leads to a view of science as an objective
body of knowledge that leaves students with misconceptions that they transfer to their college
learning experiences. If their K-12 teachers however had the opportunity to experience reformed
undergraduate courses that use inquiry-based teaching techniques where they are able to practice
scientific reasoning, there is a greater chance that student learning will improve.
While STEM GTAs have a powerful influence on undergraduate student learning,
questions about their teacher preparedness has raised concerns about their use as instructors in
classrooms. Because the graduate assistant as a teaching professional is often overshadowed by
other confronting challenges, (such as K-12 teacher preparation, STEM faculty preparation and
broadening the participation of minority groups in science), GTA instruction can be inconsistent,
making it difficult for students to learn. Professors have also expressed concerns about the

21

GTA’s ability to foster student learning, citing lack of confidence, lack of overall subject
knowledge and minimal pedagogical training as some of the reasons (Park, 2002; Muzaka,
2009). GTAs themselves have expressed some of these same concerns and attribute this to the
limited training they receive.
Considering the role GTAs play in educating all students, including all future STEM
professionals, one would expect that these contingent instructors would be explicitly targeted in
the reform efforts to improve the quality of science instruction as a means to increase student
retention and learning. Compared to their K-12 colleagues who must meet state licensing
requirements to teach in public schools, accountability in terms of teacher quality for GTAs is
less regulated in postsecondary education. Although GTAs enter graduate programs with
significantly more undergraduate coursework and research experience, the literature suggests
that effective teaching requires more than subject matter knowledge. According to Shulman
(1986), teachers must also possess the pedagogical content knowledge (PCK) to approach
teaching content in ways that are meaningful. Perhaps what is needed is intentional professional
development opportunities that allow GTAs to engage in pedagogical training relevant to the
development of a STEM teaching identity.
In addition to developing more extensive training opportunities for GTAs, departments
and institutions must create supportive conditions for GTAs when necessary. It begins at training
but it should not stop when they enter the classroom. Often times, especially at large research
universities, teaching is valued as a secondary activity, making it difficult for GTAs to recognize
their importance to undergraduate STEM education. If this is the culture of the disciplinary
community in which they are studying, they will adopt this notion that teaching is inferior to
research and the identity will not be sustained. However, if their professional identity is
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emphasized during training, there is a greater likelihood that they will be motivated to provide
quality instruction.
An understanding of the impact contingent instructors have on student learning is also
critical to the discussion (Benjamin, 2002; Jaeger, 2008; Kendall & Schussler, 2012). This,
however, becomes even more problematic as the research that explores the impact contingent
instructors have on students’ learning experiences is limited and ambiguous. For example, while
Johnson (2011) reports that instructor type does not impact student retention, O’Neal and
colleagues (2007) found that GTAs’ enthusiasm does in fact affect student retention positively.
In a more recent study, Kendall and Schussler (2013) explored students’ perception of biology
GTAs’ and faculty members’ instructional effectiveness over a semester and found that GTAs
ratings increased in perception of positive instructional descriptors. While future studies on
contingent faculty instructional effectiveness are still necessary, both Kendall and Schussler
(2013) and Baldwin and Wawrzynski (2011) believe there is sufficient evidence that supports the
need for targeted development strategies for different instructor types.
Although STEM GTAs have a distinctive contribution to higher education as both
contingent/ future faculty and researchers (Golde, 1998; Johnson, 2011; Muzaka, 2009; Park,
2002; Park and Ramos, 2002), it is these very identities, however, that makes it difficult for
GTAs to interpret their roles as teachers and consequently influences their attitudes, motivation
and decisions regarding teaching. Because teacher identity is a specific subset of professional
identity, affected by the dynamics between the personal attributes of a teacher and the academic
environment, an understanding of professional teacher identity is important as it addresses both
GTAs' instructional effectiveness and the retention of STEM graduate as future faculty. The
major challenge, however, in exploring what the professional teaching identity should entail for
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the STEM GTA, lies in the differences between stakeholders’ perception of their instructional
roles. While extant research does not articulate a clear definition of a STEM teaching identity,
we do know one thing: current professional development strategies must provide STEM GTAs
with the appropriate pedagogical training to be better instructors.

Research Problem
Limited attention has been given to the professional teaching identities of STEM GTAs
with most professional development attention given to non-contingent faculty. Given the
increased concerns to improve undergraduate STEM instruction, a greater understanding of
STEM GTAs' teaching beliefs about science learning and teaching may contribute to the
adoption and effectiveness of evidence-based teaching practices in the classroom. This research
study therefore aims to contribute to the knowledge of pedagogical training for STEM faculty.
This research is built upon on Thomas Guskey’s (1985) model of teacher change that
relates changes in practice to changes in teachers’ attitudes and perceptions. The guiding
research question and sub-questions are as follows:
Are STEM GTAs' professional teaching identities influenced by participating in a science
pedagogy course?
3. What are STEM GTAs' beliefs about science teaching and learning?
4. What factors nurture or inhibit the development of their teaching identities?

Significance and Contribution of this Study
It has been well documented in the literature that the professional development and
training opportunities provided to graduate teaching assistants are not sufficient to hone a
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professional teaching identity (Boyle & Boice, 1998; DeChenne, 2012; Luft, Kurdziel, Roehrig
& Turner, 2004; Miller, Brickman & Oliver, 2014; Nyquist & Woodford, 2000; Parrett, 1987;
Stockdale & Wochok, 1974). More recently, there have been increasing calls to offer more
meaningful ways of engaging GTAs in professional development activities that explicitly help
give them the pedagogical knowledge to teach better (Carroll, 1980; DeChenne, 2012; Luft et al.,
2004; Rushin et al., 1997; Tanner & Allen, 2006). Although there have been grant-sponsored
responses to the calls from the Center for the Integration of Research, Teaching and Learning
(CIRTL), GK-12 and the Preparing Future Faculty (PFF) project (Pruitt-Logan, Gaff, & Jentoft,
2002), there still exists sustainability concerns after the termination of funding (Ferren, Gaff, &
Clayton- 10 Pedersen, 2002). Of even more importance is whether the degree of variation of
teacher change within and across host institutions is a result of the institution context (i.e.
institution type, institutional support; department support) or the professional development
model. What is needed therefore, is a professional development model that (i) promotes capacity
building and (ii) can be adapted to any institution type.
As part of a larger research agenda, it is therefore my hope to operationalize the concept
of a STEM teaching identity as a theoretical framework to provide both analytical and
methodological direction for future research that will (i) include graduate teaching assistants in
the science teacher education reform agenda; (ii) clarify theoretical conceptions of teaching
faculty identities in post-secondary science education; (iii) facilitate a change in undergraduate
STEM instructional practices; and (iv) promote a rethinking of the recruitment and retention
of STEM undergraduate majors, K-12 science teachers and graduate students who pursue STEM
faculty careers. As a contribution to that larger research agenda, the purpose of the present study
is to explore the influence of a professional development course that focuses on the
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implementation of evidence based instructional practices on STEM GTAs’ professional science
teaching identities.

Chapter Summary
In summary, this chapter provides the background context for this study highlighting (i)
the need to sustain a STEM literate citizenry and STEM pipeline; (ii) significant changes and
developments in STEM education; (iii) how these changes influence the teaching of STEM at all
levels and (iv) the current challenges and issues related to STEM faculty instructional practices.
This chapter introduces the main subject of this study, the STEM graduate teaching assistant
(GTA), by presenting the complexity of their roles as contingent faculty with little or no training,
and the effect this may have on student learning outcomes.
This dissertation is divided into five chapters. Chapter 1 provided the introduction to the
study. In Chapter 2, I present related literature on the emergence of Discipline-Based Education
Research (DBER), professional teaching identity, GTA professional development and teacher
change. In Chapter 3, I discuss the methodology and methods and my framework guiding this
study. In Chapter 4, I present the results and in Chapter 5 I discuss conclusions as well as
implications for further research and practice.
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CHAPTER II: LITERATURE REVIEW

Introduction
Chapter 1 discussed the layout of this study, which emerged from my personal
experiences as a STEM major and chemistry graduate teaching assistant. As previously
discussed, this study will take the stance that graduate teaching assistants need professional
development that not only gives them the pedagogical knowledge required to be effective
instructors, but also helps them develop a professional science teaching identity. In this chapter, I
provide the literature that relates to this study. This review is three-fold and focuses on studies
that: (i) examine the emergence of discipline based research by exploring research-based
instructional strategies that facilitate science learning; (ii) describe current GTA pedagogical
approaches; (iii) examine past theoretical approaches to professional development and the
evolution of Guskey’s (1986) model for professional development.

The Emergence of Discipline Based Education Research
Over the last three decades new theories and methods of teaching and learning have
emerged in the STEM fields (Baldwin, 2009; Fairweather, 2008; Felder & Brent, 2016;
Hestenes, Wells & Swackhamer, 1992; Krause, Birk, Bauer, Jenkins, & Pavelich, 2004;
McDermott, 2011; Savery, 1998, 1998, 2006). According to Wood (2009, p.95), these efforts
began in the mid-1980s when physicists (Hallouin & Hestenes, 1985; Hestenes et.al, 1992)
realized that most undergraduate students were retaining many misconceptions in their
introductory physics courses (Wood (2009, p.95). To address these deficiencies, Hestenes and
his group developed the Force Concept Inventory (FCI) to measure gains in students’ conceptual
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understandings about Newtonian physics (Hestenes et. al, 1992). Soon after, other STEM
disciplines made similar observations about their students and began making improvements to
instruction as well. Today, we refer to this “empirical approach of varying [and assessing]
instructional methods and measuring effects on student learning,” as evidence-based teaching
(EBT) (Groccia & Buskist, 2011; Handelsman et.al 2004; Wieman, 2007; Wood; 2009, p. 95)
In 2012, the National Research Council published a report (NRC 2012b, p.1) describing
this new field of research, Discipline- Based Education Research (DBER) as an
“interdisciplinary research enterprise that combines the expertise of scientists and engineers with
methods of and theories that explain learning.” Presently, the DBER community consists of
eight (8) well-established sub-disciplines that include Physics Education Research (PER);
Biology Education Research (BER); Chemistry/ Chemical Education Research (CER); Computer
Science Education Research (CSER) Engineering Education Research (EER); Math Education
Research (MER); Geoscience Education Research (GER) and Astronomy Education Research
(AER). These disciplinary communities of research now “investigate learning and teaching in a
discipline from a perspective that reflects the discipline's priorities, worldview, knowledge, and
practices" (NRC, 2012b, p.1).
To fully understand the present challenge of implementing these innovative STEM
teaching practices into undergraduate classrooms, it is simply not sufficient to focus on faculty
and their reluctance to employ new teaching methods. We must also ask what roles universities
and colleges play in supporting professional development for faculty, especially those who
provide instruction to lower-division courses. Considering the increased dependence on
contingent instructors to teach these courses and the importance of the student’s initial
coursework experiences to student retention, this study may shed some light on how the
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development of a professional teaching identity affects the quality of teaching students receive
from contingent instructors. Given that graduate teaching assistants (i) perform a large portion of
undergraduate instruction as contingent faculty in the STEM disciplines (Marincovich, 1998;
Park, 2004; Saroyan, 2009) and (ii) will eventually be future faculty, it is my hope that this
research will serve as a useful contribution to improving professional development for contingent
faculty, specifically for STEM GTAs.

GTA Professional Teaching Identity
Before we can begin to address professional development for STEM GTAs, we must first
understand who they are and what they do. GTAs hold a unique position that separates them
from other contingent faculty. While GTAs are considered part-time instructors, they are first
and foremost students admitted to universities to pursue a graduate education. Consequently, the
perceived roles of the GTA are based upon who is asked. For example, GTAs generally see
themselves in a manner similar to their respective departments. For faculty members, especially
those at research-intensive institutions, GTAs are considered research students with teaching
responsibilities or academics in training (Park, 2002). As it pertains to undergraduates,
administrators and policy makers, the role of the GTA is often confusing. As a result, GTAs are
seen as paraprofessionals holding a status between students and academics (Golde, 1998; Flora,
2007; Park, 2002).

Defining Identity
Identity is one of the most extensively studied constructs in the social sciences and has
been conceptualized by researchers from a range of disciplines including psychology, philosophy
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and sociology (Schartz, et.al, 2011). Educational research scholars have identified three
domains/paradigms for studying identity. The first domain pertains to the psychological or
developmental and focuses on the individual and how certain variables affect a person’s selfconcept (Debus, Graven & Marsh, 1991). The second domain is a socio-cultural perspective that
focuses on the identity that is developed through various interactions in social and cultural
practices (Brown, 2004; Carlone & Johnson, 2007). The third domain is influenced by a poststructural paradigm that describes identity formation as a process of becoming. All these
meanings, however, are based on the premise that identity is a continuous, dynamic construct
constituted by institutional and political processes (Foucault, 1984; Luehmann, 2007; Monrouxe,
2010). For graduate teaching assistants, the identity model that is most appropriate must
incorporate these three aforementioned domains with emphasis on those power structures
directly influencing their STEM teaching effectiveness.
My theoretical framework will build on two related theories of identities to understand
the professional teaching identity for STEM graduate teaching assistants: Gee’s (2000) notion of
identity and Carlone & Johnson’s science identity (2007). Both of these theories emphasize the
role of others in shaping how identities are defined. Drawing on these theories of identity allows
us to treat the GTAs STEM teaching identity as an ongoing process rather than a trait. Carlone
and Johnson’s (2007) model specifically gives us the opportunity to contextualize this
developing identity while they engage in an academic identity analogous to that of a scientist.

Science Identity
According to James Gee, identity may be defined as being a “kind of person” in a given
time and place (Gee, 2000, p.99). He goes on to state that “being” a certain kind of person will
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depend on the engaging process, power relations and structural agencies that influence how
identities are formed and sustained: Every individual has an identity that is created by birth
(natural identity); one that is authorized and positioned by various social and political institutions
(institution-identity); one that is recognized by others through discursive practices (discourse
identity) and an identity that is shared in experiences with others (affinity-identity experiences).
This therefore implies that separate from a “core identity” that each person has ingrained in
them, moment to moment interactions will yield operational or action-based forms of identity.
For the STEM GTA, this means (i) how they understand themselves as students becoming
scientists; (ii) how they interpret their experiences with students; (iii) how they present
themselves as teachers; and, lastly, (iv) how they are recognized by their departments and
institution as part of the instructional faculty.
Identity research, as it pertains to science and mathematics, has significantly increased in
the last decade. Identity scholars in science education, especially those who utilize social theories
of learning (Brown, 2004; Calabrese-Barton 1998, 2006, 2009; Carlone, 2003, 2004; Carlone &
Johnson, 2007; Cobb, Gresalfi, & Hodge, 2009; Cobb & Hodge, 2010) have argued that identity
as an analytical lens opens up new ways of viewing the process of learning as students engage in
activities that promote understandings about the nature of science, scientific knowledge and
scientists' work. For mathematics educators, the same has been true. Using Lave &Wenger’s
(1991) model of situated learning, Carlone (2004) adds that identities are dependent on factors
that are inherent to a particular community of practice.
There is a large body of research on science identity, which posits that the participation in
the epistemic and social practices of science is key to the construction of a science identity. At
the heart of this research are ethnographic studies that investigate the learning experiences of
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minority students and what constitutes a science identity (Carlone & Johnson, 2007; Johnson,
Brown, Carlone & Cuevas, 2011; Johnson Herrera, Hurtado, Garcia, & Gasiewski, 2012. Central
to these studies are questions about how school curriculum, instruction and assessment affect
these students’ educational outcomes, in particular their interest in pursuing STEM degrees.
Although this study does not explicitly focus on science identities, I argue that the STEM GTA’s
marginalization based on recognition of expertise, makes studies focusing on the science
identities of minority groups applicable and relevant to the conceptualization of a professional
teaching identity for the STEM GTA. Although the STEM GTA’s main purpose in graduate
school is to construct a professional identity as a scientist, they are also teachers in training
which makes them marginalized instructors. Additionally, by describing the optimal conditions
needed to construct a science identity for minority groups, we are in essence describing those
qualities of good science teaching that STEM GTAs should possess. I further argue that the
graduate assistant, when juxtaposed with a “minority,” is an institution-dependent identity and is
subject to both institutional and political changes that shape the formation of these identities. For
simplification purposes, my theoretical framework will draw on studies that relate to the
construction of science identities for minority girls.
Perhaps the most well-known research model hypothesizing the scientific identity is that
of Heidi B. Carlone and Angela Johnson (Carlone and Johnson, 2007). Informed by Gee’s theory
of identity, the model gives us a three-fold definition of “scientific identity” in terms of ability,
self-recognition and recognition from others and shows the interconnectedness of “self” and
“others (Carlone, 2004; Carlone & Johnson, 2007).” Carlone and Jonson (2007) states that one
cannot claim an identity without making visible to others one's competence in relevant practices.
This identity is formed when one demonstrates competence in knowledge and meaningful
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understanding of scientific practices; is able to recognize oneself as a scientist and receives
credibility from the community of practice.
In order to demonstrate competence in science, students must first have realistic
perceptions of the nature of science. What constitutes science; how the scientific community
functions and who becomes scientists are all linked to the developing identity of a “science”
person. Simply put, students cannot become who we intend them to be if they have incomplete
conceptions of the nature of science. Sadly for many, school science is the only vehicle of
introducing scientific knowledge and many teachers have many misconceptions themselves.
School science often involves the preparation for state standardized tests and as a result
competency is associated with high-test scores and not a student’s level of identification with the
subject. Students therefore tend to memorize concepts but lose interest or fail to develop a full
understanding because the material does not relate to their lives. (Carlone, 2004; Kozoll &
Osborne, 2004). In order for these students to construct scientific identities, they must be able to
engage in tasks that will enhance their understanding of the nature of science and how the
scientific enterprise works.
In the case of the STEM GTA, one of the most weighted admission criteria to a doctoral
program is the required prerequisite coursework with an above average to extraordinary GPA. To
the department, this means they possess sufficient content knowledge that makes them qualified
and competent to be teachers of a course. Although for some GTAs this may be true, to be truly
effective teachers, they must instead possess a deep understanding of scientific concepts that they
are required to teach. If their undergraduate experience is characterized by rote memorization
and standardized tests that test surface knowledge, this will affect their ability to successfully
engage in instructional activities (recitation; laboratory) that will be meaningful for
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students. Having a high GPA is not enough; a STEM teacher must be able to reconceptualize the
nature of what it means to actually do science.
Although girls generally do well in science (Voyer and Voyer, 2014), the minority girl
has to negotiate her gender, racial and cultural identities in order for her to recognize her own
self as being “science-like.” While gender-stereotypical images of scientists govern school
science (Byars-Winston, 2013), her cultural community may not welcome the “elitist” status of
science and often times she may be ridiculed or discouraged if she performs well or shows in
interest in science. A minority girl must then recognize that her understanding of content and the
ability to perform scientific practices is only meaningful if she believes she is credible. This
credibility will, however, depend on the environment in which she is placed. She must
demonstrate that she has the ability to use the proper scientific discourse and practices in various
settings.
Brickhouse, Lowery and Schultz (2000) and Kozoll and Osborne (2004) have found
identity formation to be an important factor influencing how and why girls engage in science. In
a case study evaluating the impact of an after school program targeting African American 7th and
8th grade girls, results indicated that as the girls progressed through the program they began to
see themselves as scientists and engineers (Ferreira, 2000). As it pertains to the STEM GTA, part
of their teacher identity formation would involve the use of instructional methods that support
student engagement in scientific practices. To be an effective STEM GTA, one will have to
frame class or laboratory activities in ways that allow all students to participate in the epistemic
practices of science. One must first understand that all students learn differently and have
different needs. Similar non-traditional practices (small collaborative groups, strong mentorship
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and support) used for motivating underrepresented girls into science is applicable in the
undergraduate STEM classroom.
In addition to modeling epistemic practices for one’s students, STEM GTAs must frame
the activities in such a way that they position students to do actual science and develop positive
identities within science (Brown, Reveles & Kelly, 2005; Hollabder &Leander, 2004). By
participating in rich scientific discourse with others in the community, students begin to evaluate
other arguments presented and engage with others to justify their claims and construct
knowledge. Social framing allows students to improve their scientific understandings by
renegotiating her claims within the community of practice through classroom talk. According to
Ford & Wargo (2012), it also “expands the possibilities of how we think about how we know
what we know” (p.389).
One example of successful use of teacher framing is an analysis of an instruction that was
framed dialogically for students in an evolutionary biology course learning about natural
selection (Ford and Wargo, 2012 p. 370). In order for the students to understand the theory of
natural selection, the unit was scaffolded for both conceptual and epistemic understanding
(p.371): (1) the ability to explain the natural phenomena, (2) an awareness that the scientific idea
is one among a multiplicity of alternatives, and (3) evaluating the scientific idea [based upon
evidence that makes it superior to alternatives] (Ford and Wargo, 2012 p. 374. . At the end of
the nine weeks, the dialogical framing unit proved to be successful, as students not only
understood Darwin’s theory of natural selection, they also were able to use it to design studies to
investigate the selective advantage of male pheasant’s plumage and argue the trade-offs.
Although this was a high school class, STEM GTAs should be able to demonstrate that they have
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the ability to utilize the proper scientific discourse and practices to help undergraduates construct
the science identities necessary to be successful.
Carlone and Johnson’s (2007) third dimension of identity addresses the recognition from
others and how social barriers affect how students perceive themselves. According to Brickhouse
(2001, p.286), identity accounts for “individual agency as well as societal structures that
constrain individual possibilities.” Recognition from others is an important aspect of identity
formation for African American middle school girls. The construction of identity for short-term
interest is not enough for these girls to retain these newly formed identities or develop a
sustained interest in science. They will still be subject to the pedagogical practices of school
science and the social community that ushered them into the status that required the intervention
in the first place. Russell & Atwater (2005) in a study of the success of 11 African American
undergraduate seniors at a predominantly white institution revealed that an embracing
community is needed to resist the stereotypical identities promoted in traditional science. Results
indicated that family support; teacher encouragement, pre-college experiences and intrinsic
motivation were the critical factors that influenced their success in science.
Similarly, the developing professional teaching identities of STEM GTAs must be
supported and legitimately recognized by their departments. The ways in which GTAs perceive
their roles as faculty, ultimately influences their teacher decision-making choices. GTAs must
feel they are a part of the instructional faculty and contribute to the overall academic
environment. To be a “professional” is to identify with a practice that has unique attributes and
value. If they feel they are merely assistants, then they will not place any value on their
instructional roles.
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Professional Teaching Identity
In the last 20 years, researchers have used professional identity as a construct to explore
successful strategies for improving professional development in various occupations (Jonusaite,
2006; Van De Mieroop, 2004). Mostly in the fields of humanities and social sciences, some
examples include occupational theory (Ikiugu & Rosso, 2003); psychology (James, 2001);
nursing (Andrew, Ferguson, Wilkie, & Simpson, 2009; Eriksen, 2004; Sundin, 2001); and
counseling (Brot & Meyers, 1999; Nelson & Jackson, 2003; Nugent & Jones, 2009). As it
pertains to the development of student’s professional identity in STEM careers, research on
professional identity has gained the attention of engineer educators. Examples of studies include:
the effect of an engineering ethics course on the development of an undergraduate professional
identity (Loui, 2005); students’ perception of an engineering professional identity (Stappenbelt,
2012); gender and professional identity negotiation among women engineers (Faulkner, 2007,
2009; Hatmaker, 2012); students’ self-identification as engineers (Meyers, 2012) and faculty
perception of ethics in engineering education (AlSagheer, 2011). Despite the difference in
research goals and subjects, most of these research studies are in some way related to and
determine by a clearly defined practice. For the STEM GTA, however, this is not the case. For
these apprentice teachers, the process of the development of their professional teaching identity
is highly characterized by departmental, institutional and reform policies that are constantly
changing.
Given the increased pressures from policymakers, practitioners and researchers for the
reform of science education to produce highly skilled teachers, it is not surprising that in the last
two decades, teacher professional identity has become an emerging area of research in education
(Akkerman & Meijer, 2011; Beijaard et al., 2004; Bullough, 1997; Clandinin & Connelly, 1996;
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Clandinin & Connelly, 1999; Day et al., 2006; Kelchtermans, 2009; Knowles, 1992; Kompf,
Bond, Dworet, & Boak, 1996). The significance of the concept of a professional identity lies in
its relationship to professional knowledge and practice and in the assumption that who we think
we are as a professional influence what we do (Beijaard et.al, 2000; Fraser; 2011; Watson,
2006). If this assumption is applied to this study, this means the professional identity of a STEM
graduate teaching assistant influences their teaching practices and consequently the learning
experiences of students. It can therefore be argued that if identity negotiation is a central aspect
of acquiring a teaching identity, what it feels like to be a STEM graduate teaching assistant has
several implications for the kind of support that is needed to develop professionally.
There are many ways that the term “professional identity” has been applied and defined
in teacher education (Beijaard et al., 2004; Day et. al, 2006; Kelchtermans, 2005; 2009).
Professional teaching identity in general, pertains to how teachers “self-identify as practitioners,
based on their interpretations of their continuing interaction with their context” (Beijaard et al.,
2004). And, because professional identity development “begins in training and continues
throughout one's career (Brott & Meyers, 2009),” an understanding of how STEM GTAs
negotiate their academic identities as student researchers, is fundamental to providing
meaningful professional learning experiences to help them construct this new identity . In terms
of the purpose of this study, we will want to identify those unique attributes and contextual
factors that hinder or promote the development of a professional identity for the STEM graduate
assistant.
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STEM GTA Pedagogical Training
There is a growing consensus that improving undergraduate STEM education will require
significant changes in instructional practices. Given the increasing enrollment trends (NCES,
2013; Digest of Education Statistics, 2012) and growing costs of higher education (College
Board, 2013), the dependence on GTAs as instructors will likely not lessen in the near future
(DeChenne et. al, 2012). While professional development programs, classes and workshops may
provide some initial teacher training, many GTAs find these inadequate in preparing them to
teach (Fagen & Wells, 2004; Luft et al., 2004). Considering the unpredictable nature of changes
in higher education (Furlong & Smith, 1996; Furlong et. al, 2000) and the pressures of STEM
education reform, those involved in faculty development must find a way to negotiate the tension
between maintaining employee morale and a demonstrable commitment to teaching with
evidence-based practices. With this challenge in mind, I have chosen to highlight selected
aspects/ theories of pedagogical instruction that may provide practical opportunities for GTAs to
enhance their teaching skills while simultaneously aligning their scientist identities to reforms in
STEM education.
Graduate students teach a large portion of undergraduate coursework as lecturers and
teaching assistants, and they will continue to do so as they become part of the professoriate
(Marincovich, 1998; Park, 2004). Data from a survey conducted by the National Science
Foundation in 2003 indicated that 259,380 of the 593,000 doctoral scientists and engineers in the
United States were employed at universities and 4-year colleges. Of those that indicated that
teaching was their primary work activity, 40% were employed at four-year colleges, whereas
21% said it was their secondary work activity. Survey analysis from a study conducted by Golde
and Dore (2001), revealed that more than 80% of graduate students had career interests in
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academia because of the passion they had for the profession. These studies provide more
evidence that a critical need exists to provide graduate students with information on pedagogical
skills necessary for faculty members who teach at the undergraduate, graduate or professional
level. Not only must GTAs be equipped with the instructional skills and strategies and
knowledge of theories and principles of learning and teaching, they also need to be introduced to
a variety of curricular designs, instructional strategies, and differentiated methodologies that will
help them in future careers.
Although many universities offer graduate students several professional development
opportunities, many STEM GTAs may not see its importance or relevance, because a research
experience is prioritized and mandatory. This is why it is important that STEM departments
“provide opportunities for scientists to go beyond learning a few general teaching strategies to
begin to understand the challenges and strategies specific to their own discipline” (Hammrich,
1996). Graduate students tend to identify with their department and will be more likely want to
participate in activities that they endorse. Although a teacher certification will certainly make
one look better to prospective employees, STEM GTAs are often bounded by research time
restrictions.
At many universities, STEM departments have developed an accompanying course
whereby GTAs meet as a group at least once per week with their faculty or laboratory
coordinator. This allows the GTAs to discuss (1) discipline-specific pedagogical issues and (2)
upcoming laboratory exercises and related teaching strategies. One notable example is the
University of Rochester’s Graduate Experience in Science Education (GESE) course offered to
biomedical science students interested in pursuing academic career tracks with a fundamental
understanding of some of the theory, principle, and concepts of science education. For one
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semester graduates take a two-hour weekly session which provides them with practical teaching
and communication skills to help them better relate science content to practice by increasing
their confidence in their teaching abilities (Markowitz & DuPré, 2007). The GESE course is
structured to make graduate students more aware of educational research and application about
learning and research-based pedagogy and acknowledges their professional teaching identity. A
course such as this gives the STEM GTA the opportunity to engage in peer observation and
feedback. Alternatively, departments can offer teaching workshops and yearlong support that
integrate pedagogical training on a regular basis. For this to work, however, GTA pedagogical
instruction must become a part of the graduate curriculum to develop their professional teaching
identities.

Theoretical Framework: Teacher Change
In recent discussions on improving STEM education at all levels, the notion of teacher
change has received growing attention by educators and institutions as a framework for
improving teaching practice (Darling-Hammond, 2000; Guskey, 1985; Lumpe, 2007;
Richardson, 2011). If change in teacher practice is the key to improving student performance and
retention in STEM related disciplines, teacher education research must better understand the
nature of teacher change across all STEM faculty and how it comes about. Since STEM graduate
teaching assistants (GTAs) are considered instructional faculty in training, an exploration of their
teaching beliefs, pedagogical knowledge and teaching practices can give us some insight as how
to how teacher beliefs are shaped during the assistantship process. With increased pressure to
replenish the STEM workforce, a greater understanding of how graduate teaching assistants
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enact teacher change, may contribute to increased effectiveness of STEM instructional practices
that facilitate favorable student learning outcomes.
Identifying the nature of teacher change is both complex and multifaceted. Discussions in
the teacher education literature have explored in great depth the many attributes that contribute
to, or hinder the teacher change process (Bailey, 1992; Clarke & Hollingsworth, 2002; DarlingHammond, 1990; Guskey, 1985; Jackson, 1992; Hofer & Pintrich, 1997; Pajares, 1992;
Richardson, 1994; Richardson, Anders, Tidwell & Lloyd, 1991; Witterholt, Goedhart, Suhre, &
Streun, 2012). Because teacher change is triggered by both personal and environmental factors,
change can refer to many things including beliefs, teaching practices, attitudes, knowledge and
self-awareness (Bailey, 1992; Darling-Hammond, 1990; Hofer & Pintrich, 1997; Jackson, 1992;
Pajares, 1992). In considering the professional development for graduate teaching assistants, we
must recognize that (i) teacher beliefs play a central role in the process of teacher development;
(ii) any change in teachers’ practices are the result of changes in teachers’ beliefs and
knowledge; (iii) teacher change is voluntary (Richardson, Anders, Tidwell & Lloyd, 1991;
Richardson, 1990; 1994).

Guskey’s Model of Teacher Change
When we examine the literature on teacher professional development, it is no surprise
that Guskey’s model of teacher change (Figure 1.) dominates the research. In contrast to the
more centralized top-down professional development models where goals are established by
educators and policymakers, Guskey positions teachers as part of the goal setting process,
allowing them to be more involved and motivated in the professional development process.
Guskey’s teacher –centered model is built on the premise that change is an experiential learning
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process and that teachers typically begin assigning value to new instructional practices after they
have had the opportunity to observe the effects (Guskey, 2002, p. 384).

Figure 1. A New Model of Teacher Change (Thomas Guskey)
Source: Educational Leadership (April, 1985)

Guskey’s (1985) model of teacher change depicts the sequence of events that leads to
change in teachers’ attitudes and perceptions. For Guskey, “the crucial point is that it is not the
professional development per se, but the experience of successful implementation that changes
teachers’ attitude and beliefs” (Guskey, 1986 p.383). Simply put, teachers are more likely to
adapt a new instructional strategy when student achievement improves as a result of the practice.
Teacher change is therefore long-term, personal and dependent on each teacher’s perceived
change in student achievement. This means professional development provided to STEM GTAs
requires time for goal setting, practice and planning (Guskey, 2006). If we truly wish for GTAs
to adopt these evidence-based practices, professional development experiences must give them
the opportunity to observe and/or experience a successful implementation.
Although Guskey states that the implementation is the driving force behind teacher
change, he reminds us that high quality staff development is where it all begins (Guskey, 1986).
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According to Guskey (1986), professional development must provide opportunities for teachers
to (a) increase their understanding of student learning processes; (b) learn about instructional
strategies that develop the learning process; and (c) guide teachers to effectively assess student
learning. This therefore means that teachers’ development is most effective when (i) learning
goals can be expressed in terms of results/student achievement (Guskey, 2003a; Rude and
Brewer); (ii) teachers are provided the opportunity to practice or observe new instructional
strategies with their peers (Birman, Desimone, Porter, & Garet, 2000; Guskey, 2003); and (iii)
teachers are given the opportunity to collaborate with others to develop a common understanding
of goals, methods and solutions (Guskey, 2003; Laughridge, 2011; Wilson & Moore, 2003) .
Given what we know about how teachers learn and develop, how can we provide
professional development that will enable STEM GTAs to acquire the skills, knowledge and
dispositions needed to be successful teachers? Guskey’s model of teacher change has several
implications for training for STEM GTAs. How do we provide pedagogical training that
promotes teacher change to a group of teachers that do not have full control over the classroom?
What types of goal setting can they be involved in? What types of experiences can best help
them achieve change in their beliefs, knowledge and practices? How do we convince these GTAs
that their instructional practices affect student achievement? How do we motivate graduate
teaching assistants to adapt new instructional strategies?

A Case for Investigating STEM GTA Teacher Change: A Professional Development Model
for STEM Graduate Teaching Assistants
As discussed earlier, this study takes the view that the professional development graduate
teaching assistants receive is one of the most significant factors that affect their professional
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teaching identities. Given that STEM GTAs are responsible for implementing and teaching
reformed curricula in most STEM gateway courses, perhaps what is needed is strategic
professional development opportunities that link the gap between research and practice. We
hypothesize that if STEM GTAs are allowed to engage in professional development
opportunities that promote and encourage change in instructional practices, they will learn to
teach and develop a professional STEM teaching identity.
Additionally, if STEM GTAs are given the opportunity to facilitate change (problem
solving, decision-making, implementation) to adjust or change their practice and thus improve
student-learning outcomes, they will more likely adapt new practices that lead to demonstrable
results (Guskey, 1985; Richardson, 2002). STEM GTAs should be granted the opportunity to
fully embrace their researcher identity and ask questions about their teaching; conduct
investigations and communicate evidence-based arguments to their peers. STEM GTA
professional development should promote a scholarship of teaching and learning. Using
Guskey’s model of teacher change, I propose a new STEM GTA professional development
model that positions the graduate teaching assistant as a teacher-scientist. I was part of a team
that designed a course that aimed to bring about teacher change among STEM GTAs through
professional learning that consists of three phases described below.

Phase 1: Investigating the Effect of a GTA Professional Development Course on STEM GTAs’
Teaching Beliefs
The purpose of the professional development course is to introduce graduate teaching
assistants to a disciplinary exploration of pedagogical practices employed primarily in STEM
gateway courses. Graduate teaching assistants will discover ways to enhance their professional
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teaching identity by building professional learning communities and developing a scholarship of
teaching and learning in evidence-based design instructional practices.
Phase 2: Investigating the Growth of a GTA Professional Learning Community and its Effect on
STEM GTAs Teaching Beliefs
Although extant research on professional development indicates that professional
learning communities (PLC) promote collective professionalism and help teachers, little is
known about how PLCs help to transform teacher change. Like Guskey’s model of teacher
change, the professional learning community is a paradigm shift away from traditional teacher
development models as it provides a safe space for teachers to set goals, collaborate and engage
in professional dialogue about educational issues. This phase will explore the facilitation,
development and growth of a STEM GTA professional learning community.
Phase 3. Examining the Implementation of an Evidence-Based Practice in an Introductory STEM
Course.
This final phase of the model explores the actual implementation of the proposed
evidenced-based practice designed by the professional learning community in Phase 2. This
phase of the study will aim to capture the changes in GTAs’ pedagogical practices, and their
efficacy to implement the proposed pedagogical plan.

Chapter Summary
In summary, the appropriateness of a theoretical framework rests on its capacity to (i)
bridge to alternative frames and (ii) serve as a supplier of assumptions and concepts used to
develop testable theories (Benzies &Allen, 2008). While it may be argued that a number of
research perspectives may be appropriate for the exploration of STEM GTAs’ adoption and
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implementation of evidence-based practices, Guskey’s model of teacher change provides an
excellent frame to capture the interrelatedness of the STEM GTAs’ teacher and scientist
identities in action. In the context of the STEM GTA whose structural position is situated in
higher education, this frame allows us to focus on the concept of a teacher rather than a particular
attribute affecting a group of individuals.
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CHAPTER III: METHODOLOGY

This chapter details the research design and methodology of the proposed professional
development model, data collection and analyses. This study utilizes a multiple case study design
to explore the influence of a professional development course that focuses on the implementation
of evidence based instructional practices on STEM GTAs’ professional science teaching
identities. In choosing the most appropriate research design, I considered methods that would
allow me to gather in-depth information about my participants’ beliefs, their experiences with the
professional development activities and the effects of the professional development experiences
on their beliefs and practice. Here I provide the details of my research design, the intervention,
the methods I used for my data collection, and my data analyses strategies. However, I will first
introduce my research questions and then outline the interpretivist /constructivist approach that
will serve as the foundation for examining change in STEM GTAs’ beliefs about teaching and
learning.

Research Questions
In this study, I seek to address the following question: Are STEM GTAs’ professional
teaching identities influenced by participating in a science pedagogy course? More specifically, I
plan to pursue answers to the following questions.
1. What are STEM GTAs’ beliefs about science teaching and learning?
2. What factors nurture or inhibit the development of their teacher identities?
Given that my study focuses on teacher change and identity, the methodology needed to
examine this process must recognize that teaching and learning are both social and cultural
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constructs. Consequently, this study will utilize qualitative research methods because the study
of STEM GTAs’ pedagogical beliefs, knowledge and practice suggests interpretation of a
process within the context of higher education. Additionally, because the goal of my research is
to make meaning of the STEM GTA teacher change process (Crotty, 1998; Denzin & Lincoln,
2005, p. 3), an interpretivist framework is most suitable to support qualitative work that aims to
“portray a world in which reality is socially constructed, complex, and ever changing” (Glesne,
1999, p.5).
“Our understanding comes from sensory experience of phenomena, but that experience must be
described, explicated and interpreted.”
Patton, 2002, p.106

Interpretivism
According to Crotty (1998), knowledge and experience are personal to each individual.
This means that even if a group of individuals participates in the same event, different people
may construct different meanings. Given the sociocultural context of this study, an inductive or
theory-building approach through inquiry will be taken. Constructivism, or the “meaning making
activity of the individual mind” (Crotty, 1998, p.58), is a suitable epistemological stance for this
study because in order to understand the experiences of GTAs during the intervention, I must
acknowledge that their individual realities are always open to cultural and social influence and to
interpretation constructed and reconstructed based on these experiences. Since no two GTAs are
alike or teach the same group of students, each graduate teaching assistant becomes a case study
within the broader qualitative investigation. Each graduate teaching assistant possesses unique
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knowledge and experiences that should be articulated and contributed to the development and
application of new theories: Their experiences should not be reduced to a norm (Glesne, 1998).
This also suggests that during the process of theory construction, my interpretations should be
continuously revised and co-constructed with my participants until my interpretations reflect the
actual beliefs, knowledge and practices of GTAs.
Situated within constructivism is the theoretical perspective of interpretivism. Crotty
defines interpretivism as a theoretical perspective whose general aim is to provide “culturally
derived and historically situated interpretations of the social life world” (Crotty, 1998, p.67).
Although this study is focusing on the GTAs' beliefs about teaching and learning after an
intervention, we cannot ignore that these beliefs are shaped in the context of the classroom where
they are constructing meaning with their students. Adopting an interpretive framework will allow
me not only to be able to consider the voices and perspectives of my individual participants, but
also to take into consideration their (i) interactions with other graduate teaching assistants during
the intervention and (ii) interactions with their students and how these interactions influence their
own constructions.
One of the main tenets of interpretivism is that research can never be objectively
observed from the outside. Cohen et al. (2007) describe the role of the researcher as one who
must “understand, explain and demystify social reality through the eyes of different participants”
(p. 19). In other words, in order for me to gain an emic or insider perspective (Pelto and Pelto,
1978) into the experiences of my research participants, I must be flexible and adaptable. I must
become the research instrument. I must be able to have a good grasp of the issues; ask good
questions; be an active listener; interpret responses; and actively interact with my participants
and be unbiased by preconceived notions (Yin, 1994). Using Patton’s lens as a guide and having
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taught undergraduate introductory STEM courses for several years, I have the ability to connect
with my participants to give a “voice” to their experiences.

Research Design
My dissertation study focuses on the experiences and beliefs of multiple STEM GTAs
who participated in a summer workshop series on evidence-based practices in teaching. I have
adopted the multiple case study design for my investigation.
Case studies involving more than a single case requires the use of a multiple-case study
design (Baxter and Jack, 2008; Stake, 1995, Yin, 2003). According to Yin (2003), multiple case
studies enable the researcher to explore the differences and similarities between cases or across
theory. For this investigation, a multiple case study design is most appropriate since the research
participants (GTAs) are from various STEM disciplines (Baxter and Jack, 2008; Stake, 1995,
Yin, 2003).
There are multiple definitions and understandings of the case study (Baxter and Jack,
2008; Bromley, 1990; King et. al, 1994; Mariano, 1993; Stake, 1995; Yin, 1994; 2003, 2009;
Zucker, 2009. Yin (2009) defines a case study as an “empirical inquiry about a phenomenon (e.g.
a “case”), set within its real-world context—especially when the boundaries between
phenomenon and context are not clearly evident” (p.18). Yin (1994) describes five “must-have”
components of the case study design that are in fact similar to other research methodologies.
These components or tasks include: formulating the research questions(s); formulating the
propositions; data collection; data analysis and presenting and reporting the study’s results (Yin,
1994; Zucker, 2009). Given this structural design, case studies can serve multiple purposes and
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therefore may be exploratory as well as descriptive, interpretive or explanatory (Mariano, 1993;
Yin, 1981).
In general, a case study is the preferred strategy when a holistic in-depth investigation of
a phenomenon is needed (Feagin, Orum, & Sjoberg, 1991). It is usually employed when one or
two issues that are fundamental to understanding the phenomenon are being examined.
According to Yin (1994, 2003), there are four situations where the case study is applicable: (i) to
explain complex causal links in real-life interventions; (ii) to describe the real-life context in
which the intervention has occurred; (iii) to describe the intervention itself and (iv) to explore
“situations in which the intervention being evaluated has no clear set of rules”. As it pertains to
this study, I am seeking to explore the teacher change process during and after an intervention.
Case studies allow the researcher to ask in-depth questions to make meaning of the participants’
experiences (Tellis, 1997).
Case studies are typically used when “how” or “why” questions are being asked (Table
1). For my study, I have presented one research question with two sub-questions. The case study
proved to be advantageous because this study focuses on contemporary events (change in teacher
beliefs and practices) as opposed to historical events, and did not require control of behavioral
events (see Table 1).
A multiple case study design is generally considered robust and reliable (Baxter & Jack,
2008; Miles and Huberman, 1994; Stake, 1995; Yin, 2003). One of the hallmarks of case study
research is the ability to collect multiple types of and in-depth data, and integrate all of the data
analyses to expand the understanding of the phenomenon in question (Baxter and Jack, 2008;
King et. al, 1994; Patton, 1990; Yin, 2003). According to Polit and Hungler (1995), the blending
of qualitative and quantitative data in a single project is advantageous because they represent the
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two fundamental languages of human communication; words and numbers. Qualitative design
allows the researcher to get closer to the subject whereas quantitative research lends itself to
methods that provide balance and objectivity in findings and analysis (Polit and Hungler, 1995).

Table 1. Relevant Situations for Different Research Strategies (Yin, 2009)
Strategy

Form of Research
Question

Requires Control of
Behavioral Events

Focuses on
Contemporary
Events

Experiment

how, why?

yes

yes

no

yes

no

yes/no

Archival Analysis
History

who, what, where, how
many, how much?
who, what, where, how
many, how much?
how why?

no

no

Case Study

how why?

no

yes

Survey

One favorable advantage of a multiple case study design for this particular study is the
sample size requirement. Although Yin (2003) suggests six to ten cases to satisfy the replication
strategy, case study research scholars, in general, agree that the guiding principle should be the
concept of saturation, i.e., the number of cases where no more data needs to be collected. Stake
(1995) emphasizes that the number and type of cases depends on the purpose of the inquiry.
Biographies and teaching case studies, for example, only require the analysis of one case to
construct theory. For Feigin, Orum and Sjoberg (1991) rigor is the central concern irrespective of
the purpose, unit of analysis or design. If sampling is purposeful (both cohesive and theoretical),
and an examination of the variations within the data is conducted in the early stages of analysis,
there is a greater likelihood that the constructed theory will be robust.
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This type of design also has its disadvantages. The hardest task for most is determining
what the case will be and will not be (Baxter and Jack, 2008). Extant research on multiple case
study design suggests binding the case or placing boundaries (time, place, definition, context,
activity) to avoid answering a question that is too broad (Creswell, 2003; Miles and Huberman,
1994; Stake, 1995). In this study, we will bind the case by focusing on (i) STEM GTAs who are
currently enrolled at a large research institution (time and place, Creswell, 2003) and (ii) STEM
GTAs who complete the targeted intervention (time and activity, Stake, 1995). For the purposes
of this study, the “case” is the teacher change process, relative to professional science teaching
identity, of a STEM GTA who participated in a science pedagogy course.
Multiple case studies are often analogous to multiple experiments because it allows the
researcher to explore phenomena using a replication strategy (Zach, 2006 p.9).” According to
Yin (1994; 2003), multiple case studies either predict literal replications (cases that are selected
similar results) or predict theoretical replications (contrasting results for predictable reasons). If
we should take this study and theoretical framework as an example, if all or most of the cases
enact some teacher change, then we have ample “support for the development of a preliminary
theory that describes the [teacher] change process (Eisenhardt, 1989).”

Methods
Context
This project will take place at a large state institution in the southeastern part of the
United States. Classified as a research university with very high research activity, this institution
offers over 150 graduate degrees, graduate certificates and professional programs that focus on
both on research and practice. A Teaching Center supports the university’s mission to promote
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excellence in teaching by providing instructional faculty (full-time, postdocs, lecturers, adjuncts
and graduate students) with pedagogical training, departmental/ unit workshops and
consultations. Although the Center offers a three-semester teaching certificate program for
graduate students, no mandatory ongoing pedagogical training exists for graduate students.
Departmental and university-wide efforts to provide instructional support for graduate teaching
assistants include half-day workshops; weeklong training; semester pedagogy courses; mentored
internships; and a best practices program. The Teaching Center offered the optional STEM GTA
science pedagogy course whose participants is the focus of this study.
This institution is known for its excellence in STEM research and innovation. Although
GTA training varies in goals and structure across the university, all departments/programs
require graduate teaching assistants to have a minimum of 18 hours of graduate courses before
teaching (SACSCOC, 2003). While most non-STEM departments/program require graduate
students to take a pedagogy course before teaching, this is usually not the case for the STEM
GTA. In most departments, newly admitted students are placed in teaching positions with little or
no training. Additionally, as is common at most research institutions, research activities are
prioritized over teaching duties and few STEM departments offer sustained follow up instruction
and opportunities for in-depth development of pedagogical skills. To date, only two STEM
graduate programs provide a semester-long pedagogy course for graduate teaching assistants.
The Center is currently leading a university-wide initiative to enhance the learning experiences
of its students through instructional practices that promote active engagement and learning.
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Sampling: Participants
Purposeful sampling (Patton, 2002) will be used to select suitable participants for the
study. Purposeful sampling allows the researcher to identify and select information-rich cases
related to the phenomenon of interest (Lincoln & Guba, 1985; Patton, 2002; Schwandt, 2007;
Silverman, 1999). The participants for this study are the STEM Graduate Teaching Assistants at
a research-intensive university in a southeastern state in the U.S. who participated in a two-week
professional development workshop series.
As discussed in Chapter 2, the concept of teacher change is a multi-faceted complex
process that involves the renegotiation of many things: beliefs, attitudes, self-awareness,
knowledge and teaching practices (Bailey, 1992; Guskey, 1985; Jackson, 1992). In the case of
the STEM GTAs, where their academic ethos is dependent on their success as a student and a
researcher, the teacher change process and consequently their developing professional teaching
identity are constantly being interrupted by this prioritized researcher identity. For some STEM
GTAs, the teacher identity begins as early as the first day of the program and continues into their
new academic career. For others, it is suspended after their teaching requirement until program
completion. Because our overarching concern is the improvement of undergraduate STEM
instructional practices, the participation of STEM GTAs is essential to the project because
understanding what graduate students believe, know and can do is a critical part of understanding
how well teaching and learning take place in undergraduate STEM courses. Considering this
possible variability in GTAs’ motivations, participant selection methods become critically
important. The STEM GTA will be defined as any graduate teaching assistant or graduate
teaching associate who is currently enrolled in an NSF or NIH identified STEM discipline.
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The Intervention Methods and Procedure
The literature on teacher professional development reveals that an understanding of the
distinct fields of knowledge is important in the development and success of novice teachers
(Hammrich, 1996, 2001; Luft, 2003; Shulman, 1986). For the STEM GTA whose training
typically focuses on content instruction, institutional policy and departmental procedures, this is
simply not sufficient. In order for STEM GTAs to provide active, purposeful, engaged and
inquiry-based learning experiences, they need to understand (i) the structure of the knowledge
and its varying forms (subject matter knowledge); (ii) how content can be taught (curricular
knowledge); and (ii) how to teach content to meet the needs of each student (pedagogical content
knowledge). In addition, they will need to become familiar with and understand the theoretical
basis of current instructional strategies such as argumentation, formative assessments, and
importance of accountable talk in facilitating classroom discourse.

The Intervention: The STEM Pedagogy course
Throughout the summer, graduate teaching assistants participated in a course designed to
introduce them to science pedagogy and evidence based instructional practices employed
primarily in STEM gateway courses. The course consisted of 7 two-hour sessions over a twoweek period. All course sessions were co-taught by a staff member from the Center and myself.
The course modules examined student and teacher beliefs towards learning science; integrating
evidence-based practices in the classroom; and teaching diverse groups with inclusive pedagogy.
An outline of the course modules, course content and learning outcomes is shown below in Table
2.
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Table 2. STEM GTA Pedagogy Course Outline
Modules

Content

Learning Outcomes

Module 1:
Teacher Beliefs
and Identity

Teacher Beliefs and Assumptions;
Student Beliefs and Assumptions
Student Misconceptions

GTAs will be more knowledgeable about
the Nature of Science and beliefs about
teaching and learning in science.

Module 2:
Creating
Inclusive
Learning
Environments

Learning Styles in the classroom;
Transfer of Learning; Classroom
Management; Student Engagement
and Accessibility

GTAs will learn how to create an
effective teaching presence and use
learning space effectively to keep students
actively engaged.

Module 3:
Science
Pedagogies

Direct Instruction vs. Inquiry
Based Learning Active Learning
Pedagogies; Collaboration; Course
Design and Spaces; Adoption,
Implementation and Challenges of
teaching with technology

To increase STEM GTAs’ awareness of
active learning pedagogies and advance
their grasp on pedagogical trends in
undergraduate STEM education. GTAs
will also increase their knowledge about
effective use of technology and service
learning in teaching.

Module 4
Assessments

Formative and
Summative Assessment; Creating
Rubrics

GTAs will learn and develop skills
associated with creating, implementing
and improving assessments.

Module 5:
Pedagogical
Content
Knowledge
(PCK)

Role of Metacognition in Teacher
Learning; Motivating Students;
Epistemic and Social Framing

Using Magnusson et al’s (1990)
framework for conceptualizing science
teaching, GTAs will understand the
importance of having: knowledge about
students’ understanding of specific
science content; knowledge of subjectspecific strategies and knowledge of
topic-specific strategies

Module 6
Scientific
Discourse and
Writing

Accountable talk; Scientific
Argumentation;
Explicit Reflective Inquiry;

GTAs will learn and develop skills to
assist them in their roles as co-facilitators
in their courses. They will also understand
the importance of being reflective in their
practices.

Module 7:
Teaching as
Research:
SOTL

Professional Learning
Communities
Action Research
Discipline Based Education
Research

GTAs will be introduced to theoretical
and methodological trends in DBER
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Data and Data Collection
In order to gather appropriate, accurate, and sufficient data in pursuit of my answers to
my research questions, I collected multiple data from multiple sources, at multiple points and at
multiple times during this study. Three primary data sources were used for this multiple case
study of teacher change (see Table 5).
1. all participants’ responses to the Teaching Experience Demographic Survey;
2. transcripts of interviews conducted with a subset of the participants; and
3. representations created by the interviewed participants of their professional science
teacher identity models.
Each method is described below.

Teaching Experience Questionnaire
The primary research participants consisted of graduate students from different STEM
disciplines and varying degrees of teaching experience. In order to better understand the
backgrounds of the subgroups, the Teaching Experience Questionnaire was used to gather data
regarding the participants’ education background and teaching experiences. Extant research on
teacher knowledge indicates that educational experiences do in fact play an important role in
developing teacher beliefs. Similar to the qualitative case study by Demir and his colleagues
(2012), I wanted to take into account the range in teaching experiences of participant STEM
GTAs to understand the nature of the teacher change process. Research participants were asked
to take this 13-item survey before the STEM GTA pedagogy course, and the anonymous
responses of all who completed it were analyzed.
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Semi-Structured Interviews
Semi-structured interviews were used as a form of data collection. According to Hamel
(1993) and Stake (1995), in-depth interviewing provides researchers with a way to gather
information so that etic issues (“outsider” or deductive approach) are correlated with emic issues
(“insider” or inductive approach). If research questions provide the scaffolding for the
investigation and analysis of the data (Anfara et. al, 2002), interview questions should be
designed in such a way that “links the data to be collected to the initial questions of the study”
(Yin, 2003, p. 19). For this study, the literature on PLCs and teacher beliefs, knowledge and
practice will guide the design of the interview protocols.
Table 3 provides a matrix that maps the study’s research questions with the interview
questions. Each individual who completed the summer course was invited to participate in an
interview during the academic year following the summer course. For multiple case study
projects, the recommended number of cases is 6-10 (Yin, 1994). I had anticipated conducting up
to ten participant interviews and selecting interviewees to represent as diverse a set of cases as
possible, if more than ten volunteered. Eight individuals volunteered, and I included them all.
Before the interviews, participants were informed of their rights as participants and the
limits of confidentiality. During the interviews and immediately after, I made notes to ensure that
I was consistently reflecting on the process. All interviews were audio-recorded, transcribed and
sent to GTA participants for member checking before analysis. Each interview lasted between 37
and 50 minutes and took place on campus.

Student Artifacts (Homework and Feedback)
According to Dewey (1938), committed teachers reflect systematically on their teaching
and actions. Schön (1983) adds another dimension to reflection and states that explicit reflection
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Table 3. Research Questions in Relation to Interviews
Research
Questions
Background

Interview Questions
1. Please give me a few details about your academic background. (What is
your enrollment status? What is your major?)
2. Please summarize your teaching experience thus far. (What courses have
you taught? What grade level? How long have you been teaching? Have
you ever tutored a science subject?)
3. Did you receive any training or professional development for any of the
teaching experiences you just described? (What types of training did you
receive? How long was the training? Do you believe it prepared you for
the classroom?)

What are STEM
GTAs’ beliefs
about science
teaching and
learning?

4. How do you define science? Can you say more about that?
5. Please describe how you think learning takes place?
6. Do you think learning science is different from learning other subject
areas? (If yes, how so? If not, how so?) Can you say more about that?
7. What is the role of the student in the classroom?

What factors
nurture or inhibit
the development of
their teacher
identities?

8. Can you recall the first time you felt like a scientist? Briefly describe
this experience.
9. Why did you decide to pursue a STEM degree?
10. Can you describe some of the instances in your undergraduate/college
science courses where you felt like you were doing science?
11. Think about one or two of your least favorite science courses. Can you
describe the types of activities that made you feel distanced as a learner
in your science courses?
12. In module one, we discussed Carlone and Johnson’s Science Identity
model and what factors strongly influence how we see ourselves as
scientists. As you consider where you are now in your program, what
factors strongly influence how you see yourself as a scientist?
13. How does your sense of your science identity compare to that of others
(your parents, peers, professional community, instructors or strangers)?
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Table 3. Continued
Research
Questions
What are STEM
GTAs’ beliefs about
science teaching and
learning?

Interview Questions
14. What do you believe is the primary role of an instructor?
15. How do you teach your class? What specific activities do you do?
16. Why do you do these activities?
17. What do you think about in terms of helping your students to
understand concepts when planning your lessons?
18. Do you believe you are a good instructor?

What factors nurture
or inhibit the
development of their
teacher identities?

19. Can you briefly describe your science-instructor identity model?
20. What was the process like in drawing your model? Was it easy for you?
Was it difficult?
21. What particular aspect (s) of your personal identity explains who you
are? Can you say more about that?
22. Did you consider this when drawing your model? Why (or why not)?
23. What particular aspect (s) of your social identity explains who you are?
Can you say more about that?
24. Did you consider this when drawing your model? Why (or why not)?
25. What particular aspect(s) of your cultural identity explains who you
are? Can you say more about that?
26. Did you consider this when drawing your model? Why (or why not)?
27. How does your sense of your instructor identity compare to that of your
peers, students or strangers?
28. If you had to name your favorite science teacher/instructor/professor,
who would that be? Why did this person come to mind?
29. Why did you decide to participate in this workshop series?
30. Do you believe participation in this program has helped in defining
your science instructor/teacher identity? Can you say more about that?
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in action helps teachers learn from their decisions while teaching. An essential component of this
course is helping GTAs to understand that teaching is a reflective practice. Similar to their
experiences in scientific research, teaching is unpredictable and ever changing, sometimes
requiring a new course of action. If we consider the statements above by Dewey (1938) and
Schön (1983), course activities must include opportunities for GTAs to reflect, express feelings
about their teaching experiences and discuss pedagogical techniques and strategies.
During the seven-module course, graduate teaching assistants were expected to complete
journal entries and other assignments that responded to materials discussed in the course. All
individuals who completed the summer course were asked for informed consent to use their
course materials from Module 1 (Teacher Beliefs and Science Identity) as research data. These
assignments included a representation of each individual's professional science teaching identity
and evaluative feedback. Interview participants (Table 4.)were also asked to create a current
version of their professional science teaching identity model in preparation for the interview; in
the cases of the four who had completed Module 1 homework, these representations served as
pre-and post-course data sources.

Contacting Participants
Recruitment cover letters and informed consent forms were sent to the 55 individuals
who enrolled in the 2016 summer professional development course. Individuals who chose to
participate were asked to select a pseudonym to be used if their Module 1 materials are directly
referenced or quoted, to indicate whether or not they are interested in being interviewed, and to
sign and date both copies of the consent form, return one to the Principal Investigator, and keep

63

one for their records. Participants were encouraged to contact the PI or her advisor if they had
any other questions prior to the study.
Eight individuals volunteered to be interviewed and to allow their identifiable Module 1
artifacts to be used (Table 4). It is important to note that the participants were more diverse in
their major fields of study than it would first appear; breakdowns by concentrations within
Engineering and Biology are not reported in order to protect the privacy of the participants.

Data Analyses
Data analysis of any qualitative work requires the data to be continually analyzed. This
means that as a researcher I must be flexible as I develop procedures in response to ongoing
analysis. While there are several approaches to data analysis, for this study I employed an
analytical process suggested by Marshall and Rossman (2011). The seven steps are as follows:
(i) organizing the data; (ii) immersion in the data; (iii) generating categories and themes; (iv)
coding the data; (v) offering interpretations through analytic memos; (vi) searching for
alternative understandings and (vii) writing the report.
Mapping the data from multiple sources is one of the most important tasks in case study
research (Zucker, 2009). Because the meaning of the experiences of the GTAs will be central to
the study, this study will utilize models of data analysis employed by Creswell (2005); Stake
(1995) and Yin (2003). The analysis will be conducted over all the cases and will involve both
direct interpretation and the aggregation of instances in the form of codes (Stake, 1995). This
process will include: (i) describing the cases individually (Yin, 2003); (ii) a preliminary
exploratory analysis with all sources of data for each case (Creswell, 2005); (iii) descriptive and
thematic coding for each case (Creswell, 1995); (iv) triangulating, reflecting and code-recoding
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Table 4: Description of the Cases
Beth

Bassett Bennett Melanie Lina

Juan

Sara

Kit

Gender

Female

Female

Male

Female

Male

Female

Female

Race/
Ethnicity

White

Asian

Biracial

Black

White

White

Major

Eng

Bio

Eng

Bio

Eng

Eng

Eng

Bio

College
TE

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Teacher
PD

No

No

No

Yes

Yes

Yes

Yes

Yes

Masters

No

No

No

Yes

Yes

Yes

Yes

No

Int'l
Student

No

No

Yes

Yes

Yes

Yes

No

No

Female

Hispanic Hispanic

Key
Eng - Engineering
Bio - Biology
TE - Teaching Experience
PD - Prior Professional Development
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(Stake, 1995 p.78); (v) making the case understandable through theme development (Creswell,
2007); (vi) categorical development (Creswell, 2007; Stake, 1995) and (vii) the development of a
descriptive framework for each case (Yin, 2002). Data subject to analyses from this multiple
case study of teacher change, included participants’ responses to the Teaching Experience
Questionnaire, transcripts of the participants’ interviews; and STEM GTA homework and online
feedback.
Teaching Experience Questionnaire
The Teaching Experience Questionnaire (TEQ) was used in the science pedagogy course
as a pre-assessment tool to collect information about demographic characteristics of, and the
types of teaching experienced by, the STEM GTAs. These data were collected anonymously for
53 participants, and were analyzed using descriptive statistics in order to share the overall makeup of those who took the course, before focusing more in-depth on the eight who participated in
interviews and provided artifacts.

Student Artifacts (Assignments and Feedback)
Content of GTAs’ online feedback and student assignments were analyzed using the
thematic analyses. For this study on STEM teacher identity, I focused on the Module 1 (Teacher
Beliefs and Science Identity) assignment to create a representation of one's professional science
teaching identity. Four of the eight participants had completed the Module 1 homework; all eight
were asked to create a current representation prior to being interviewed. Thus, data available for
analysis included pre- and post-course models for four of the participants (Beth, Melanie, Sara
and Kit) and post-course models for four (Bassett, Bennett, Lina and Edward).
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Thematic analyses involved labeling sections of the data, making notes or memoing with
the intention of generating categories or themes (Boyatzis, 1998). The purpose of analyzing
GTAs’ homework and feedback was to find out more about their learning and teaching
experiences during the intervention. Because teacher change and teacher identity are GTAcentered, the data that provided insight into GTAs’ thoughts, feelings, perspectives and
perceptions was useful in answering the research questions.

Semi- Structured Interviews
As previously mentioned, this research study adopted an interpretivist framework to
explore the influence of a professional development course that focuses on the implementation of
evidence-based instructional practices on STEM GTAs’ professional science teaching identities.
Given that the overall goal of researchers operating out of the interpretivist paradigm is to gain
an emic perspective of participants’ realities, the interview becomes one of, if not the most,
useful vehicles to elicit meanings about the phenomena directly from the interviewee. This is due
largely to the interview process, which gives participants an opportunity to reconstruct their
experiences. Simultaneously, the researcher gets an opportunity to add to, clarify or verify
information previously collected. For my interview data analysis, I employed Marshall and
Rossman’s (2011) approach to the analytic process described above.
To begin the process of analysis, interviews were transcribed, and participants were asked
to review their transcribed interviews. I began to organize the interview data by employing a
form of open coding suggested by Corbin & Strauss (1990). This process involved my
highlighting various parts of the text; charting possible themes; and generating categories and
themes that were revealed by analysis. Because these interviews were conducted while other data
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sources were also being analyzed, new ideas were identified that led me to revise, expand and
even refine codes (Glaser & Strauss, 1967). Consequently, a constant comparative methodology
(Glaser & Strauss, 1965; Grove, 1988; Kolb, 2012; Strauss and Corbin, 1990) was utilized to
identify & analyze themes.

Quality Criteria
An advantage of utilizing a multiple case study is having all the data sources and data
collection strategies crosscheck information across time and in different situations (Casey and
Murphy, 2009; Creswell, 1998; Gay, 1996 p.217). Due to the subjective nature of data collection
and data analysis in research (Merriam, 1998, Stake, 1995), measures to increase the credibility
of the data should be a goal rather than a product (Maxwell, 1996). In order to develop a more
in-depth understanding of the participants’ experiences during the intervention, I employed
several measures to increase the trustworthiness of the data and analyses (See Table 5). Some of
these methods include: peer debriefing, member checks, persistent observations, and
triangulation (Stake, 1995).

Table 5. Criteria for Assessing Research Quality and Rigor
Quality Criteria
External Validity /Transferability
Internal Validity/Credibility

Strategy Employed
Purposive sampling
Thick Descriptions
Member checks
Peer Debriefing
Triangulation
Triangulation

Reliability/ Dependability
Objectivity/ Confirmability

Triangulation
Consistent reflexivity
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Purposive Sampling
The study design included the intentional strategic selection of participants (Patton 2002)
in order to ensure that the cases were rich in the information needed to answer the research
questions. Had I received responses from more volunteers than needed, I would have selected
those who represented the most diversity. With eight volunteers, further selection was not
necessary, and while all were STEM majors, they represented diversity in gender, gender
identity, racial/ethnic background, major fields of study, geography, teaching experience, and
previous professional development.

Member Checks
After interviews were transcribed, I invited participants to review and verify them (Stake,
1995). The objective of this exercise, member checking, is to guard against the possibility of
researcher bias and enhance the trustworthiness of the research results. Two of the participants
provided clarification of minor points; all others said the transcripts were fine.

Peer Debriefing
Peer debriefing or analytical triangulation (Denzel, 1998; Patton, 1999) was employed as
a strategy to enhance credibility and trustworthiness (Creswell, 1998; Lincoln and Guba, 1985,
Spillet, 2003) and to ensure GTAs’ beliefs, knowledge, practice and experiences were accurately
reflected. I shared my data, and my analysis categories, with a faculty member who is an
experienced qualitative researcher, and verified that the patterns reflected what was present in the
data. According to Cohen and Crabtree (2006), analytical triangulation “illuminates any blind
spot in the analysis and provides a check on selective perception.” Considering my positionality
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in this project, allowing a peer to assess my findings served to be very useful as “they may help
detect whether I overemphasized a point, underemphasized a point or missed a legitimate
hypothesis” (Janesick, 2007).
Triangulation
Data source triangulation (Stake, 1995) was used to determine consistency and multiple
perspectives across the various forms of data collected in this study (questionnaire responses,
interviews, professional science teacher identity models) as well as across the eight different
participants. As previously mentioned, one of the strengths of a multiple case study is the ability
to utilize multiple and different methods, sources, researchers and theories. Triangulating the
different methods and sources lends internal trustworthiness to a study (Merriam, 2002; Yin,
2003).

Consistent Reflexivity
I engaged in consistent reflexivity (Creswell, 2007) on my engagement with participants
by not only locating my own pedagogical beliefs and experiences in relation to the information I
gathered, but also being open about them.

Thick Description
I used thick description (Stake, 1995) in reporting my findings by writing vignettes
describing each participant. These were derived from both interview data and professional
science teaching identity models, and should serve to allow readers to determine if their
circumstances and experiences are similar enough to the participants to allow for transferability
of the findings to readers' situations.
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CHAPTER IV: RESULTS

This chapter details the results of this multiple case study exploring the professional
science teaching identities of STEM graduate students. The discussion of findings begins with an
introduction of the eight cases, including their respective self-constructed science teaching
identity models. Following the introduction, I present findings to the two research sub-questions
by exploring the themes that emerged from the analyses of all sources of data.
1.

What are STEM GTAs' beliefs about science teaching and learning?

2.

What factors nurture or inhibit the development of their teaching identities?

Throughout the chapter I use excerpts from the interviews that illuminate the themes.
Finally, I answer the overarching research question that guided this study:
Are STEM GTAs’ professional teaching identities influenced by participation in a GTA
science pedagogy course?

Diverse Background of the Cohort
Before presenting the eight cases, I believe it is important to share the overall make-up of
the graduate teaching assistants who took the course. The Teaching Experience Questionnaire
(TEQ) was designed as a pre-assessment to collect demographic information and the types of
teaching experiences of the GTAs who participated in the professional learning experience.
Although this was the first course of its kind offered at the university, many of the graduate
students were already teaching or taught at other institutions. In designing our workshop
activities, we wanted to take into account the diversity of teaching experiences (formal and
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informal) that our graduate students may already had. A summary of the questionnaire results is
detailed below.
Demographic Information. The TEQ was administered electronically using Qualtrics
prior to the beginning of the course. There was a total of 53 respondents, 51 graduate students
and two postdoctoral students. As it pertains to gender, 54% respondents identified as females
and 46% male. A little over one third of the cohort were international students (19) with over 10
countries represented. For those identifying as domestic US students, the racial ethnic breakdown
was as follows: White (22); Black (2); Asian (4); Pacific Islander (1) and Multiracial (4).
Teaching Experience. Results from the TEQ revealed that two thirds of the STEM GTAs
had some experience teaching. As it pertains to college teaching experiences, a total of 34
participants had prior experience teaching or were presently teaching. Teaching roles ranged
from teaching assistants to instructor of record. A total of 35 GTAs reported that they had other
teaching experiences ranging from tutoring to coaching. It is important to note that we did not
specify if teaching experience was limited to only teaching STEM courses.

Vignettes: Meet the Eight Participants
This study explored a group of eight STEM GTAs’ perceptions and experiences
approximately one year after participating in a summer professional development experience for
graduate teaching assistants. Participants were asked to engage in individual interviews and to
prepare a science teaching identity model similar to the one assigned at the end of the first
professional learning module (Teaching Identity and Beliefs). The focus of the interviews was
for these GTAs to share their beliefs about science teaching and learning, as well as those factors
that enhanced their teaching identity. All eight graduate students in this study were currently
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enrolled at the institution at the time of the interviews. The following vignettes were derived
from excerpts from the individual interviews, including discussion of their teaching identity
models.

Beth
Beth is a fourth-year graduate student at the institution pursuing a PhD in Engineering.
Her motivation for pursuing a STEM degree was heavily influenced by several members of her
family who happen to be scientists. Both her grandfathers were scientists and so she felt “science
was her avenue.” She is currently a research fellow in her program.
Beth believes that science is “the pursuit of fact using evidence. It is trying to understand
natural universe through evidence.” When asked about her beliefs about learning science, Beth
reported that she doesn’t think learning science is different from other subjects:
When I think about different subjects, I think they all have their uniqueness to
them, but they all involve ... Once you get on a deeper level, they all involve
critical thinking, really.
Of the eight participants who were interviewed, Beth is the only graduate student with no
teaching experience. She mentioned that her current program of study does not permit her to
teach or participate in any teaching activity. Despite this, she still wants to become a faculty
member and thinks she would be great at teaching. Her motivation for taking this course was to
learn more about teaching:
I didn't really think I would get teaching experience, but I thought that it would
introduce me a little bit to thinking more about teaching and if that was an avenue
I would like to pursue.
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Beth said that the course "definitely" influenced her teaching identity, especially by exposing her
to methods she has not previously experienced as a student.
Beth's professional science teaching identity model. Beth’s model was developed from
her experiences with teachers who have encouraged, discouraged or frustrated her. Initially her
science identity model consisted of three core areas (developing students’ practical
understanding; developing students’ passion and interest; developing students’ ethical
development) denoted by three circles (Figure 2).
A year later, in preparation for her interview, Beth added a fourth core (effective
communication) to her model after reflecting on her experiences during the year (Figure 3). Beth
chose these areas to focus on because she wants to activate these competencies in her students.
Interestingly Beth is the only GTA that explicitly mentions including ethics into teaching.
She mentions that this is in important aspect of science that is often neglected but extremely
important. She mentions other disciplines (business, chemistry) and how there is an intentional
effort to highlight ethics in science. Beth desires for her students to be ethical and critically
consider the impacts of science.

Bassett
Bassett is a third-year graduate student in the Life Sciences. She is currently pursuing a
PhD in Biology and conducts research on animal behavior. Prior to this program, Bassett
majored in environmental biology and minored in forestry. Her initial motivation for pursuing a
STEM degree was because of her interests in becoming a medical doctor. Bassett entered her
current program after taking one year off following the completion of her undergraduate degree.
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Figure 2. Beth’s Professional Science Teaching Identity Model, Summer 2016

Figure 3. Beth’s Professional Science Teaching Identity Model, Spring 2017

75

Bassett’s beliefs about the nature of science are connected to her beliefs about learning
science. Bassett described that science is
a part of this pursuit of knowledge based off of empirical evidence, so something
that you could maybe quantify or observe, supposedly objective. It is not
influenced by biases and subjectivism.
When asked about her beliefs about learning science, Bassett reported that
the process for learning science should be the same as other subjects but for
whatever reason there's often a conflict of interest, and I think for other subjects
possibly in the humanities or with English and stuff it's fine because sometimes it's
fiction or it's up to interpretation.
However, “the way science is taught it's meant to be kind of like, "This is what happens. This is
fact."
Bassett has had several teaching experiences over the past five years. In undergrad she
tutored elementary, middle school and high school students in a variety of subjects (science,
math, biology, English, history). Bassett’s graduate teaching experiences have been limited to a
year because of her research fellowship. Last year she had the opportunity to teach two first year
seminars and two lab sections.
Bassett reported that even though she has taught courses at the University, she received
no professional development training prior to this summer course. Her motivation for taking this
course was to learn more about teaching because that would “be a part of her profession.” She
also added that “it would be irresponsible to not spend some time learning what research says is
the way to do things.” Bassett shared that she found the course emphases on diversity and
inclusion to be particularly powerful for her as an instructor.
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Bassett's professional science teaching identity model. Bassett sought to share the
components of self that feels is important to relating to students. In drawing her model (Figure
4.), she included components of her personality (introverted) and experiences that shapes from
her identity as a student.
Interestingly Bassett is the only case that explicitly refers to her status as a minority. She
also includes what most would traditionally call negative attributes (lazy, short attention span)
but explains that these are the parts of her that helps her empathize and connect with her
students. It is also why she is willing to try new things to engage her students.

Bennett
Bennett is a third-year international graduate student in Engineering. He is currently
pursuing a PhD in Engineering and conducts research on nanomaterials for environmental
applications. Prior to this program, Bennett majored in chemical engineering. His initial
motivation for pursuing a STEM degree was because of his interest in becoming an engineer;
there are not many engineers in his home country.
Bennett’s belief about the nature of science is rooted in his disciplinary identity. Bennett
defines science as “the study of phenomena that we see and don't understand in nature.” When
asked about his beliefs about learning science, Bennett reported “for science, it's very important
if you have hands on experiments or if you have actually an application, one that is seen.”
Additionally, “it's easier for you to learn the theory and see what's happening and then actually
scale it for other situations.”
Compared to the average engineering major, Bennett has had quite a lot of experience
teaching university level courses as well as in informal settings. His experiences range from
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Figure 4. Bassett’s Professional Science Teaching Identity Model, Spring 2017
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being a teaching assistant (physics, thermodynamics and English) at his home university; an
instructional counselor for a summer engineering program for high school students and a
graduate teaching assistant at this institution. This past year, he co- taught an engineering lab for
seniors.
Bennett reported that even though he has been teaching for quite some time, the only
formal teacher professional development preparation he had received was at a private school in
his home country. When asked what his primary motivation for taking this course was, he stated
that he “needed some guidance for his teaching" because he "never had any formal training, how
to teach.” Reflecting on the experience, he shared that the course helped him identify evidencebased practices to use in the classroom.
Bennett's professional science teaching identity model. Bennett chose to represent his
science teaching identity by emphasizing parts of his cultural and social identities. His model
consists of collage of six pictures: a giant light bulb, a box with the words “yo hablo espanol,” a
field of windmills, movie channels, a puzzle of country flags and a map of home country (Figure
5.). In his interview, Bennett stated that these are the central parts of his identity that help him to
connect with students.

Melanie
Melanie is a third-year international student at the institution. She is currently pursuing a
PhD in Biology. She is one of the two graduate students in the eight who received a Masters
prior to this program. Her initial motivation for pursuing a STEM degree was because of her
interest in becoming a medical doctor.

79

Figure 5. Bennett’s Professional Science Teaching Identity Model, Spring 2017

Melanie just recently started teaching at this institution. This is actually her second
semester teaching an upper level biology course. For the past two years she was not able to teach
because of her research fellowship. She did however mention that she had the opportunity to
teach an upper level biology course after completing her masters.
Melanie reported that even though she has taught courses at the University, she received
no professional development training prior to this summer course. Her motivation for taking this
course was to learn more about teaching because that would “be a part of her profession.” She
also added that “it would be irresponsible to not spend some time learning what research says is
the way to do things.” Melanie shared that the course helped her identify her own strengths and
weaknesses as well as ways in which she can help her students better.
Melanie's professional science teaching identity models. Melanie's initial model (Figure
6.) consisted of four interlinking circles representing the influence of personal factors, contextual
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factors, training and reflective practices.
Two semesters later, her updated model (Figure 7.) indicated a big shift and expansion in
her thinking. She used a concept map to highlight and link eleven unique parts of her teaching
identity. She stated that although “it’s all kind of linked,” she couldn’t do interlinking things. So,
she uses three colors to represent the three aspects of her teaching identity. She describes these
colors as follows: science knowledge and technical skills (red), ways in which she relates to
students (blue) and parts of her personal identity (black).

Lina
Lina is a third-year graduate student at the institution. She recently completed her
master’s degree in engineering and is currently on the job market. Prior to this program, Lina
completed another master’s degree in engineering in her home country. Her motivation for
pursuing a STEM degree was because of her interest in becoming a science teacher.
Lina defined science as “everything.” She believes that science is life and that
engineering is using science. She also added that it is the responsibility of students to use
science to help their community. Lina has had several teaching experiences over the past five
years. In undergrad she tutored elementary, middle school and high school students in a variety
of subjects (science, math, biology, English, history).
Lina’s motivation for taking this course was to learn more about teaching college age
students. She stated that, “I have only been TA but I haven't been in charge of a group of
undergrads. I have been in charge of little kids, and in charge of adults, but not of undergrads.
So, I wanted to see what was the same and what was different.” Lina shared that the course
helped her put a name to some things she already knew, as well as introduced her to new
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Figure 6. Melanie’s Professional Science Teaching Identity Model, Summer 2016

Figure 7. Melanie’s Professional Science Teaching Identity Model, Spring 2017
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teaching techniques.
Lina's professional science teaching identity model. Lina’s model consisted of two
distinct parts (Figure 8.). The first part consisted of six interlocking circles representing personal
attributes and qualities she believes are central to her identity and teaching (respect, friendliness,
finding connections, diversity, equality, knowledge). The second part is a sketch of a mountain
with a harness, a rope and a ladder. She refers to this as a reminder that her duty is to not only
impart knowledge but to provide opportunities to challenge her students and the tools to succeed.

Edward
Edward is a fourth-year graduate student at the institution. He is currently an assistant
professor and will complete his Ph.D. in engineering this summer. Prior to program, Edward
majored in engineering in his home country. His initial motivation for pursuing a STEM degree
was because of his family; both of his parents and his sister are chemists. He veered from the
family tradition by selecting electrical engineering—as a child he liked to assemble, disassemble
and play with "electrical stuff."
Edward believes that “science is everywhere” and it is hard to define science. He states
that “science is a companion of facts that has been found during the history of the humanity.”
Facts that have been proven and facts that still haven't been proved but are in the process to be
proved.”
Over the past four years, Edward has taught over three engineering courses at the
institution. Edward has had the opportunity to be both a teaching assistant and an instructor of
record. For many STEM GTAs, this is not the case.
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Figure 8. Lina’s Professional Science Teaching Identity Model, Spring 2017
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Edward has several opportunities of professional development during his tenure as a
graduate student. He stated that as long as training is allowed and offered, he would always
participate so that he can “learn something new.” He indicated that the course introduced him to
different concepts than the ones he'd learned in other workshops, and especially appreciated that
the content was evidence-based and "not just intuition."
Edward's professional science teaching identity model. Unlike his counterparts,
Edward chose to use a brainstorming list to represent his science instructor identity (Figure 9.).
He identified two aspects that are important to his science instructor identity – academic and
cultural. During his interview, he states that his diverse experiences (academically and culturally)
are what he believes is his strength in connecting with students. He likens his travel and work
experiences to the diversity of his students and how working with different types of people can
help him encourage his students to do anything.

Sara
Sara is a fifth-year graduate student at the institution. She is currently completing her
Ph.D. in engineering and plans to graduate this summer. Prior to her program, Sara majored in
engineering and obtained bachelors and master’s degrees. Her initial motivation for pursuing a
STEM degree was because of her mother. She also stated that having a well-paying job was also
an important factor.
Sara has been a TA for about four years now. She is the only one of the eight that has
teaching experiences in undergraduate and graduate level courses. While she hasn’t been the
instructor of record, she has had plenty of experience lecturing and grading. She truly enjoys
teaching.
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Figure 9. Edward’s Professional Science Teaching Identity Model, Spring 2017
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Sara’s beliefs about the nature of science are connected to her beliefs about engineering.
She sees both working in a similar way “like trial and error and figuring out what works and for
engineering. It's also taking things apart and putting them back together and making things
better.”
Sara reported that even though she has taught courses at the University, she received no
professional development training prior to this summer course. Currently her department does
not provide any training and so she thought this was a great way to learn more about teaching.
She added that the summer course had "perfect timing" as that was the only summer that she
could have taken it. Sara shared that the course had helped her learn how to integrate "how to
teach" and "caring about teaching."
Sara's professional science teaching identity models. Sara took a similar approach to
Bennett in designing her model (Figure 10.). She chose a collage of pictures that highlighted her
role as an engineer, her hobbies, her academic experiences and her research and a music lover.
Sara also included her dog, whom she has raised since he was ten weeks old. When Sara updated
her model two semesters after the course (Figure 11), she added more examples in each category.

Kit
Kit is a fifth-year graduate student majoring in Biology. Her interests in STEM grew after
participating in an undergraduate research summer research program and she hasn’t looked back
since. She entered her program immediately after pursuing her undergraduate degree. Kit aspires
to be a research professor after completing her degree.
Kit’s beliefs about the nature of science are connected to her beliefs about learning
science. She believes that science is a “very distinct way of thinking about the world. It is a
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Figure 10: Sara’s Professional Science Teaching Identity Model, Summer 2016

Figure 11: Sara’s Professional Science Teaching Identity Model, Spring 2017
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thought process in order to better understand the world around us.”
Kit has had quite some experience teaching science. At her undergraduate institution, she
was a teaching assistant for two biology courses. She described her role as one being more of a
technician where she helped students used instruments. Since enrolling in the PhD program, Kit
has taught three different courses in her department.
Of the eight participants interviewed, Kit is the only graduate teaching assistant who has
received departmental training prior to taking the course. When asked why she participated in the
course, Kit remarked that she wanted to see what else she “could learn about being an
instructor.” She also added that if one is “just practicing and not having any introspection or
assessment of yourself, you're just gonna continue to keep doing what you're doing.” Kit
believed that the course made her more confident about teaching.
Kit's professional science teaching identity model. Kate’s initial model consisted of
four interlocking cogs that describe how a science instructor’s identity changes over time (Figure
12.). She stated that cogs were the perfect symbol to describe how each component is dependent
on the other.
Kit's descriptions of the cogs and their relationships are as follows:
I chose this model to visually represent how I feel an individual’s Scientific Instructor
Identity operates and changes over time. The interlocking cogs are perfect to describe
how each one of the components included cannot run without the other components.
Below are my explanations for the title of each cog:
•

Methodology: this portion represents that the pedagogical method you choose helps
define your identity as an instructor.
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Figure 12. Kit’s Professional Science Teaching Identity Model, Summer 2016
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•

Self-efficacy: this cog is included because it represents how important confidence in
the material and your ability to teach it, will influence how others view you as an
instructor.

•

Mentorship: I included this cog because much of what we learn about teaching
comes from teachers before us. Mimicry of good professors as well as talking about
teaching styles with experienced faculty are crucial for your identity

•

Practice: This is the largest cog, because if you don’t teach, you would not have an
identity as an instructor.

•

Evaluation: Each one of the arrows signifies that each one of these components
cannot run without proper evaluation.

Prior to the research interview, she added a fifth cog (assess/revise) to the model (Figure
13.). It is important to note that she mentioned evaluation as an essential part of her identity
construction and development. She believes that to grow as an instructor she must assess her
teaching effectiveness and be cognizant of evidence-based practices she can employ to increase
her self-efficacy:
To continue my development as a Scientific Instructor, I plan to continue to use
evaluation and others' research published to determine if my methodology and
practice is effective in how my students learn. I would hope that through practice,
that my self-efficacy will increase as well.
Kit also shared a diagram of how she sees her model being enacted by her, her students, and her
mentors (Figure 14.).
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Figure 13. Kit’s Professional Science Teaching Identity Model, Spring 2017
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Figure 14. Kit’s Diagram of the Enactment of Her Model
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Themes Across the Cases
Qualitative and quantitative analysis of data collected from semi-structured interviews
and teacher identity models revealed several patterns across the eight participants (Table 6.).
After the interview transcripts and the teacher identity models were analyzed for salient patterns,
a quantitative analysis was carried out to determine which patterns occurred with enough
frequency to be considered warranted enough by the evidence to be shared as results. Then, each
theme is described using qualitative evidence from the transcripts and models.
In determining which patterns occurred with sufficient frequency, counts were made of
both (1) the number of participants whose data reflected the pattern, and (2) the number of data
sources in which the pattern occurred (Table 7.). The six patterns identified as significant in
these data are as follows:
1. Connecting with Students,
2. Academic Identity/Content Knowledge,
3. Cultural Background,
4. Pedagogical Knowledge,
5. Self-efficacy, and
6. Mentoring
Table 6 displays that the first five themes were addressed by more than half of the participants (5
or more). In addition, a sixth pattern, Mentoring, was identified as significant even though it
occurred in the data from only half of the participants. As discussed below, three of the four who
describe the importance of mentoring are among the GTAs with the most teaching experience,
lending additional weight to their reflections.
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Table 6. Pattern Occurrences in Each Case
Connecting
with Students
Academic
Identity
/Content
Knowledge
Cultural
Background
Pedagogical
Knowledge
Self-efficacy

Beth
M
I
M
I

Bassett
M
I
I

Bennett
M
I
M
I

Melanie
M
I
M
I

Lina
M
I
M
I

Ed
M
I
M
I

I

I

M
I

M
I
M
I
M
I
M
I

M
I

M
I
I

M
I
I

I

Mentoring
I

Sara
M
I
M
I

Kit
M
I
I

I
M
I

I
M
I

M
I
M
I
M
I

M - Model

I – Interview
Table 7. Patterns Totals Across Cases

Themes Across Cases

Total # of
data sources

Total # of
participants

Connecting with Students

16

8

Academic Identity /Content
Knowledge
Cultural Background

14

8

11

7

Pedagogical Knowledge

9

5

Self-efficacy

7

5

Mentoring

6

4
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All eight participants highlighted at least three or more themes with two cases (Melanie
and Kit) having the most occurrences of the six themes. For the majority of the themes and for
most cases, data points were found in both the interviews and models.

THEME 1: Connecting with Students – Past Experiences
Connecting with students was by far the most present theme amongst all cases and all
sources of data collected in this study. All eight GTAs discussed their desire to be effective
faculty by connecting with their students in meaningful ways. GTAs described the many ways
they helped students learn and connect to material by tapping into their past experiences. Edward
shared how rewarding it was to use his past experiences to give students direction and guidance:
“And then they can ask me different questions about that. And then in a respectful
way, they can say, "do you know about this," and, "I know that you've studied this
in your past. I'm interested in doing something similar to that, is that good or not
so?” That helped me connect with the students in that way. So, that diversity, it's
one of my pillars on my overall identity.” –Edward
Bassett shared how she wanted to connect all students and used her past learning
experiences to empathize with students who may not be the strongest academically:
“I'm a really lazy student and so I do things last minute and so I feel like these
things make me empathize with the students and so I'm not like, yeah, I'm not like
just ... I'm not one of those people who only relate to that one or two superstar
students. It's like I understand because I don't want to do the work and so I know
they don't want to do the work. It's just trying to figure out how to deal with that.“
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Melanie talked about using her sense of humor to connect with students. She believes
using humor and analogies adds a level of personality to her teaching and is something she feels
works for her. Not only did she include this personal trait in her teaching identity model (Figure
6), she also talked about it a total of three times during the course of the interview.
That's where I started, yeah. And then, when I started to think about my students, I
thought about the analogies, for example, and the mentoring component. And then
the humor, of course!

I do exercise regularly, and it is a destresser for me, but it also makes me relatable
to, say, other students who may go to the gym, for example, and who I may
actually see at the Recreational Center, for example. And like, you know, "How
are you doing? How's it going?" And then my humor as well. Sometimes I think
about it, sometimes I'm punny, just because. And so, these things-

Yeah. They laugh. And they're like, "This one is probably just half crazy." But the
humor in itself adds a level of personality to it. And I try to make them not scared
of certain things, too.
Some GTAs shared how they utilized their daily activities to connect with students.
When recalling his model, Bennett spoke about one of his favorite hobbies – watching Netflixand how it helps him connect with his students.
“We use acids in our lab you know like hydrofluoric acid. And then the one time I
was explaining to one of the other guys in the labs, "Have you ever watched
Breaking Bad?" And they're like, "Yeah!” It's very realistic though. I think it's like
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we could keep notes with this. But it's good. It's really very good to connect with
them sometimes. Or like, you know like, breaking the ice, sometimes I could tell
students have this gap between instructors, I mean even, I'm a TA sometimes like
they talk to me like they're discussing something like, come back, I come along and
to see what they're talking about and like couple will stop and looking at me. So, I
think that's good to break the ice and that's like, "hey, you know, do you watch
Netflix, like what do you do in your free time?" And I do this sometimes because
the experiment I run is like super long. It takes like five to six hours.”
Lina shared that her choice of instruction is guided by real-life application, thinking about
applying what is being learned to the students' lives and experiences:
I think math and science are sometimes for some people are easier to apply, but I
think it also depends on how you're teaching them. If you're able to show that,
"Hey you can use this in real life, in your everyday life," usually they are going to
be able to grasp better the concepts.” –Lina

THEME 2: Content Knowledge – Identity as a Scholar
“Having knowledge, obviously, because if students notice that you don't know
what you are talking about they will stop paying attention to you.” – Lina

All eight participants acknowledged the importance of content knowledge to their
identity as professional science teachers, with six of them including it in both their interviews
and their models. Lina and Melanie specifically highlighted content knowledge in their models
as one of the core areas important to their science teaching identities. In her interview, Melanie
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spoke strongly about mastery of both content knowledge and technical skillsets.
“Well, there are differences with respect to your technical skillsets and your
technical knowledge set. And so, depending on your discipline, you will have
different knowledge bases that you're required to master and learn. And each one
will train you to think a certain way to answer specific questions or address
certain issues. And so that's where it's different. But where it's similar, is that each
one, in a way, there's a method to the madness, and so you have to learn that
method in order to effectively do your science or other discipline effectively.”
During her interview, Lina described a moment in her undergraduate class where the
professor did not explain the concepts well and how that left her frustrated.
“And we needed to do a project that involved almost developing a company and
making it work in terms ... energy wise. And there were a lot of concepts that were
never really well explained in class, but we needed to apply that and present them
for a final grade, which was like 40 percent of our grade. So, having the lack of the
basis of how to do, like, all the equations and resolve them, in order to apply it to a
make-believe problem was really hard. And then the professor was not always
available. Like we'll ask her questions and she would say, "You need to figure it
out on yourself in order to pass the exam. So, it was really frustrating.” - Lina
She went on to mention that because of those frustrating moments, before teaching she tries to
access her students’ prior knowledge:
“I try to think their previous knowledge so I can know where I can depart from.
Sometimes I just ask, like, “Raise your hand if you understand this concept," or "if
you have seen it before but don't remember it." And something I would like to do, if
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I have the classroom, is to do like a pretest so they can answer instead of in front of
everyone, raising their hand, so they can privately answer what they know and
what they don't know. “-Lina

Beth mentioned the connection between content and thinking critically in her interview:
“Yes and no, I guess. I feel like history, again, is just regurgitating facts, but
usually you need to know what led up to something, so I think that there's critical
thinking involved there. When I think about different subjects, I think they all have
their uniqueness to them, but they all involve ... Once you get on a deeper level,
they all involve critical thinking, really.” – Beth

Science is not only a body of knowledge; it is a way of knowing. If a science identity is
formed when one demonstrates competence in knowledge and gains meaningful understanding
of scientific practices (Carlone, 2004), it can be implied then that the understanding itself is both
conceptual and epistemic (Duschl & Osborne, 2002; Ford and Wargo, 2012). To support these
identities, STEM GTAs will need to continuously engage students in authentic scientific
discourse and activities so they can come to understand how science grounds its epistemic status.
Given that the purpose of a graduate education is to provide a space in which learning takes
place through interaction with content and thought (Hairston and Strickland, 2011), it comes as
no surprise that having a strong grasp on the content knowledge emerged as one of the major
influences on GTAs’ teaching identities.
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THEME 3: Cultural Background
I had different academic background, very diverse one, and I think that connects
me with students because they see me as different interests for them, so if they want
to go to a different area, they see that area in me. –Edward

Seven of the eight participants included cultural background as an important part of their
professional science teacher identity. Three discussed it in the interviews, while four included it
in both their models and their interviews. Melanie stated,
And so, there's certain things, certain personal experiences that I've had, where
either personal experience or cultural difference ... I just think of things differently.
And so, sometimes it's a good thing, sometimes, maybe not so much of a good
thing. But more so, I think it's a good thing, because it offers some sort of diversity,
in terms of thinking, whereby, some people may not have actually thought that this
is a possibility. So hopefully I'm answering the question. I've just become more
aware of who I am, because of those reasons, but also, I've become cognizant of
what I know and, more importantly, what I don't know, because of teaching, one,
in a classroom setting, and because of two, teaching and mentoring with an
individual setting. Because the last two years, two summers, I've had a research
experience for undergrad student with me for the whole summer. And so, this
allowed for one on one mentoring, one on one learning, of technical skills,
knowledge base, in addition to reporting. So, it's different things, in addition to a
certain level of self-reflection, with respect to whether or not I'm actually doing
enough for the student and for myself.
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Edward, an international student with international work experience, shared how the
diversity of his experiences helped him to connect with students of diverse backgrounds:
So, yeah, in that company I was traveling through different states of the United
States. I live in hotels, I live in hotels. Different states, Texas, Illinois, Iowa,
California, and I think I spent a few weeks in West Virginia as well. And that made
me understand different cultures better. Even inside the United States, each state is
culturally different in certain ways. So, I worked with people from England,
France, and Spain, and there, each country is very different, and I think that
diversity of experience helped me to connect with students and tell them, "you can
do this, you can do different stuff, and they like that."
Becoming a successful graduate student is constitutive of, and constituted by, several
forms of cultural identity. With the ever-increasing ethnic and cultural diversity in today’s
college classrooms, STEM GTAs will need to have an awareness of their own cultural identity to
achieve the level of multicultural competence required to recognize, respect and respond
appropriately to the multiple cultural backgrounds of the students they are teaching (Brok et. al,
2005; Cruz-Janzen, 2004; Milner, 2005; Tanner, 2007).

THEME 4: Pedagogical Knowledge
Analysis revealed that STEM GTAs have a strong desire to increase their pedagogical
knowledge and consider it an important part of their professional science teacher identity. Of the
five participants who addressed it, four included it in both interviews and models, while one
addressed it only in the interview.
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In Bassett’s interview, she shared her willingness to try new methods of teaching even if
they are "out of the box" if they will help her students learn.
Yeah. I feel like I am really willing to try new methods to motivate my students
and that I've spent a lot of time thinking about this. These are the things I would
think about in the shower or on my way home. Just like, "Oh, well what worked
today, what didn't."
Sara expressed a desire to learn more about how to teach:
Yeah. I wanted more instruction on how to teach and what was involved. There's
just not an outlet in my department for how to do this and honestly, I wanted to do
it sooner but it just never lined up with my course load or my posts.

THEME 5: Self- Efficacy
As it pertains to the eight cases, only five GTAs (Bassett, Bennett, Melanie, Lina and Kit)
described how they thought or felt about their teaching abilities. For Melanie and Lina, these
self- efficacy beliefs tend to reflect personal assessments of teaching effectiveness and what
Bandura (2006) describes as “getting through to the most difficult students.”
It's a good thing that I am being good. But I also have like things that have made
me feel that I'm maybe not doing everything, like when a student withdraws from a
class. I feel like maybe I should have done something else, but then I look back
like, "Okay I try to talk with him, I talked with the professor, I sent him emails, he
never came by the office so I probably did everything I could." - Lina
And of these five cases, only two (Kit and Melanie) made this a part of their teaching
model. It is important to note however that Kit used the term “self-efficacy” while Melanie used
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the term “self-assessment.” Interestingly, the former defined self-efficacy in regard to her
confidence in knowing the content while Melanie focused on her pedagogical skills.
Self-efficacy is most commonly defined as the belief in one's ability to achieve an
outcome. According to Bandura’s social cognitive theory (1986), self-efficacy beliefs are birthed
from four primary sources: mastery experiences (by performance), vicarious experiences
(observing models of behavior), social persuasions (messages received from others), and
physiological and affective states (stress, mood, etc.).
For new instructors, especially new GTAs who have had little no or professional
development, these personal beliefs of teaching capabilities tend to stem from their sense of
mastery (Bandura, 1986). It would be no surprise then that the self-efficacy beliefs of STEM
GTAs with little or no experience teaching would emerge as a theme in the analysis. Except for
Beth who had no teaching experience, all five cases have been teaching for no more than three
semesters. Despite their limited experience, they revealed a sense of duty to improve their
teaching by trying.
I think I'm really inexperienced but I am trying. I'm actively trying to improve my
teaching, which is more than I can say for a lot of people in my department. A lot
of them don't care, which is fine because they've had to teach a lot. I understand
like some of them get bogged down and tired over time because they see the same
things, whereas the other two semesters I was doing it I was still kind of
enthusiastic because I didn't have that kind of stuff bogging me down so I was like,
"Yeah, I'm really going to make sure they learn this." Bassett
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Science makes sense, yeah and even though we don't know everything out there, I
feel it's kind of my job to continue to learn more about the world around me and
now after being a teacher and really, really enjoying it, I also feel it's my job to
teach others about the scientific method so that they can evaluate larger global
problems or just problems within their community as well. Kit

THEME 6: Mentoring
The mentor-teacher model is not a new phenomenon in professional teacher development
(Avalos, 2011; Boyle & Boice, 1998; Corbett & Paquette, 2011). Many institutions provide new
faculty, no matter the level of teaching experience, with a mentor to help facilitate their transition
as a new instructor to that environment. While this mentor role may look different depending on
program need or teacher experience, the roles mentors play in the development of faculty can
have a powerful influence. In my analysis, this theme emerged in only four of the cases. Despite
this low occurrence, I believe it was necessary to classify this as an important theme across the
cases, given the large volume of teaching experience among three of these participants.
Melanie, Sara and Kit are three of the four participants who had the most teaching
experience at the time of the interview. Each of them explicitly mentioned mentorship as an
essential component of their final teaching identity; Kit also included it in her initial model as
part of the professional learning course: "Mentorship: I included this cog because much of what
we learn about teaching comes from teachers before us. Mimicry of good professors."
For Sara, having a second mentor in addition to her research advisor was something she
was grateful for. Having someone who she could talk to about her career and personal life was
very important to her. Although she did not explicitly mention how her mentor helped define her
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teaching identity, her inclusion of mentoring in her model points to the importance she attached
to it. I could definitely sense the admiration and respect for her mentor in our conversation. It is
no surprise that when asked who her favorite science teacher was, she referred to this mentor.
My best or favorite or one that I liked the most is my Masters advisor. I think
mostly because we get along as friends and she is actually more of a mentor to me
than an advisor, and I haven't found anyone that replaces that here. I consider my
advisor here to be strictly an advisor and there's no personal relationship. She was
really influential for me because she helped me get into this program.

Another case worth mentioning in this discussion is Bennett, who described the positive
feedback from the faculty member for whom he works. Unlike the other GTAs who mentioned
student and peer assessment in their responses, Bennett referred to the instructor and how his
support was a major influence on Bennett's success as first time graduate teaching assistant:
I think I can tell my, the guy, I got feedback direct from the professor teaching the
class. And I think he was pretty happy with my teaching. Like, he, I had a lot of
questions throughout the semester because it was the first time I was TAing for,
you know, like class so like I'll come to his office like, at least like once a week, like
talk to him about like the things I was doing in the class and if he thought it was
appropriate. And he also gave me a very positive feedback and I think it was very
good influence...
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Mapping the Themes onto the Research Questions
The purpose of this study was to explore the influence of a science pedagogy course on
the development of STEM GTAs’ professional science teaching identity. To accomplish this
purpose, I set out to answer the research question and sub-questions,
Are STEM GTAs professional teaching identities influenced by participating in a science
pedagogy course?
1. What are STEM GTAs beliefs about science teaching and learning? and
2. What factors nurture or inhibit the development of their teaching identities?
In this summary, I will first address the sub-questions and then the overall research question.

What are STEM GTAs Beliefs About Science Teaching and Learning?
The data analysis revealed that the STEM GTAs who participated in this study believe
that the first three themes are important components of science teaching and learning:
1. Connecting with Students,
2. Academic Identity/Content Knowledge, and
3. Cultural Background.
These components have high credibility as they were included by “8”, “8” and “7” of the
participants, and reflected in “16”, “14” and “11” of 16 possible data sources. The eight GTAs
interviewed for this study are deeply committed both to relating to their students and to sharing
their passion for their disciplinary knowledge.
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What Factors Nurture or Inhibit the Development of Their Teaching Identities?
Three patterns in the data reflect the factors that these STEM GTAs found to nurture or to
inhibit their teaching identity development:
1. Pedagogical Knowledge,
2. Self-Efficacy, and
3. Mentoring.
All of them were seeking pedagogical knowledge, which is reflected in their choosing to
participate in this optional summer workshop, and several described how rarely this type of
educational development is available in their disciplinary homes. The mentioning, or including in
models, of self-efficacy by those with the least amount of teaching experience points to the need
for support in this area for novice instructors. This support might occur in the form of mentoring,
a nurturing factor described by some of those with the most teaching experience at the time of
the interviews.

Are STEM GTAs Professional Teaching Identities Influenced by Participating in a Science
Pedagogy Course?
While all of the participants indicated in their interviews that the course affected their
identities, this self-report is also triangulated indirectly by the models drawn in preparation for
the interviews and by reflections participants made in response to other research questions, as
described above. While Melanie's model demonstrated the most dramatic shifts from before to
after the course, all four participants who had both pre- and post-course models either added
components or enhanced the ones they had included in the first place. A sample of participant
feedback on the course's influence on them is represented in the quotes below.
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...it's made me see different aspects of teaching or different techniques for teaching
and how to integrate teaching as research, too, because I think that's really
important and a lot of professors have no interest in doing it at all. I think students
can really benefit from people actually knowing how to teach and caring about
teaching and doing this has helped me learned how to integrate those for when I
do get in a classroom and have my own stage, if you want to call it that. (Sara)

I learned different things, different concepts that I didn't learn in other workshops.
It helped me understand better the research on education processes or learning
and teaching processes. For example, the PCK area and all these other areas that
have some science research behind that for me before that was only intuition. So, I
learned that it's not just intuition that has been studied, and you can have some
facts that support that kind of research. Research of evidence and stuff. (Edward)

I think the day we talked about diversity and how to be inclusive was really
helpful. ...I just remember that was the day we did the activity with the flowers and
four people trying to find the commonality and then someone, this one
international student kind of really questioned it and it turned into an interesting
discussion for sure. Just brainstorming other ways. Like we had the sheet of paper
with six students described and coming up with ways to make them feel more
inclusive. Some of the ideas that people had I just didn't agree with and some of
them were really good. Yeah. That kind of thing. (Bassett)
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Chapter Summary
In Chapter 4, I began the presentation of results with thick descriptions of the eight
participants in vignettes based on their interviews as well as their professional science teaching
identity models. Analysis revealed six patterns across participants and data sources that provided
the answers to the two research sub-questions. STEM GTAs' beliefs about science teaching and
learning include connecting with students, academic identity/content knowledge, and cultural
background. The factors that STEM GTAs identified as nurturing or inhibiting the development
of their teaching identities included pedagogical knowledge, self-efficacy, and mentoring.
Finally, the professional teaching identities of the STEM GTAs in this study were influenced by
their participation in a science pedagogy course. In Chapter 5, I will discuss these findings as
well as implications for practice and for further research.
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CHAPTER V: DISCUSSION AND IMPLICATIONS

This multiple case study examined the professional teaching identities of eight STEM
GTAs at a large research university. Using Carlone and Johnson’s science identity model as a
theoretical framework to guide reflection, this study provides a variety of narratives about STEM
GTAs and the ways in which they portray their professional teaching identities. Qualitative and
quantitative analysis of data collected from semi-structured interviews and teacher identity
models revealed two major findings: (i) STEM GTAs' beliefs about science teaching and
learning include connecting with students, academic identity/content knowledge, and cultural
background and (ii) the factors that STEM GTAs identified as nurturing or inhibiting the
development of their teaching identities included pedagogical knowledge, self-efficacy, and
mentoring. In this chapter, I will discuss these findings as well as implications for practice and
for further research.
As we discovered in Chapter 4, creating an authentic and meaningful learning experience
for students was the most common goal for all eight STEM GTAs. Additionally, GTAs revealed
that it was imperative to engage and support students so as to provide them with a successful
learning journey. The question for educational developers and faculty now becomes: Given the
increased demand to leverage diversity for learning, what does it mean to teach inclusively in
STEM? How do we engage students from different cultural, social and academic backgrounds?
This illumination that a GTA’s professional teaching identity is fluid and multi-faceted has
several implications.
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Conclusion 1: Activities of professional development must recognize the interactions and
influences of the multiple identities of the individual (Fritz & Smith, 2008;). The
exploration of a teaching identity must therefore involve the interplay of the GTA’s
cultural identity and academic identity as student researcher and teacher.

Cultural Identity
For Stuart Hall (1996), cultural identity is not a fixed, natural state but rather a process of
becoming (Barker, 2012). It is “adapted and changed throughout life in response to political,
economic, social and educational experiences” (Gollnick & Chinn 2002, p. 21). For any graduate
teaching assistant, the teacher identity is dependent upon one’s status as a graduate student.
Considering that each graduate student enters an academic program, with a set of behaviors and
characteristics that makes each of them unique, the points of difference around which “cultural
identities could form are multiple and proliferating” (Barker, 2004). Because the meanings of
what it means to be teacher, scientist, researcher and student are subject to continual change in
higher education, it will require an awareness of their self-concept to provide the foundation for
how GTAs define themselves in terms of how others view them.
Cultural competence refers to an active area of scholarship and professional development
that has been used in the training of health care professionals and K-12 teachers (Cuellar et. al,
2008; Diller and Moule; 2005; Klump and Nelson; 2005; National Center for Cultural
Competence, 2007; Shaya and Gbarayor, 2006; Tanner and Allen, 2007). With regard to
healthcare, health profession schools in the United States have embedded courses and resources
to address cultural competence in the curricula (Cuellar et. al, 2008). Given the health and
pharmaceutical demands of a rapidly growing multiethnic population and the existence of
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evidence-based health disparities among racial and ethnic minority populations, the health
profession schools recognize and realize they have a responsibility to ground their students in
cultural awareness and sensitivity (Cuellar et. al, 2008; Shaya and Bayrayor, 2006). K-12
educators share a similar sentiment; in order for teachers to be effective practitioners, they must
be exposed and trained in cultural diversity to meet students “where they are.”
Although the meaning of cultural competence can mean several things for those in
clinical practice or the workforce, for educators the term is used to describe how effective a
teacher is for those students who do not share the same characteristics or cultural background of
the teacher (Tanner and Allen, 2007). According to Cushner, McClelland, and Safford (2000),
the cultural identities of students are constructed from their experiences with twelve attributes of
culture: age, race, sex/gender, ethnicity/nationality, religion, language, social class, social status,
sexuality, language, ability/ disability, health and geographic region. When it comes to higher
education however, the value of cultural competence is often reduced to a diversity training
workshop to prevent legal ramifications and unless faculty is willing to partake in a teaching
course, there is no explicit directive to activate cultural competency in their teaching practices. In
fact, for most STEM faculty, the concept that one’s own cultural background even influences the
way they deliver instruction almost never crosses their mind.
As it pertains to the STEM GTA, if diversity- related standards are embedded throughout
the courses they take, there is some opportunity for students to develop their cultural awareness.
However, for most GTAs in a STEM discipline, other than an ethics course, the content,
interactions and the nature of knowledge in the pure sciences and technologies (Becher 1994;
Towler & Becher 2001) involve little if any opportunity for dialogue on diversity. Consequently,
STEM GTAs, like STEM faculty do not recognize the need to be innovative in their teaching.
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And because there is widespread agreement that cultural competence is acquired neither quickly
nor casually (Tanner and Allen, 2007; National Health Information Center, 2007), professional
development for GTAs will need to model the culturally responsive teaching practices we expect
of them and give these “teachers-as students a space to interact with their own beliefs, values and
perceptions” (Hairston & Strickland, 2011, p. 341). Cultural competence requires that STEM
GTAs become aware of and reflect on the role of their own culture and teaching to develop a
climate of cooperation and community in the classroom. (Tanner and Allen, 2007).

Academic Identity
Given that the professional teaching identity is a negotiation of their student and teaching
responsibilities, in conceptualizing a professional teaching identity for graduate teaching
assistants, the student identity must be central to the model. Additionally, in order to explore the
interplay between cultural identity and academic identity and its impact on the STEM teaching
identity, we must first articulate possible meanings for academic identity and its impact on
practice.
Understanding the nature and development of academic identities has always been of
interest to educational researchers (Becher and Trowler 2001; Cuthbert 1996; Henkel 1997,
2000; Taylor 1999; Tight 2000; Welch and Hodges, 1991). Because academic identity is
complex and is composed of many competing influences for each individual, rather than try to
define it for these STEM GTAs, I will focus on an explanation of “how STEM GTAs come to be
teachers,” so as to inform our understandings of “how STEM GTAs come to know they are
teachers.” Since the context is higher education and their purpose is to achieve a graduate degree,
I draw upon Welch and Hodges’s (1991) definition of an academic identity: "An academic
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identity is “a dimension of a larger, global self-concept and is central to academic performance
and achievement motivation" (p.37)
Transition from one phase of life to another is never easy especially if the factors
involved in such change seem too many. And while efforts have been made and continued to be
made to provide equity and extend equality in the education system (Welch, Hodges and
Warden, 1989), the decline in the number of minority students entering college and of those
completing or obtaining advanced degree is cause for concern. According to Becher and Trowler
(2001), although the process of developing an academic identity for a would-be academic would
traditionally begin as an undergraduate, it is likely to be at its most intense stage until the award
of the doctorate. If this is indeed true, in order to develop a professional teaching identity for
STEM GTAs, we must explore those factors that promote or inhibit a positive academic selfconcept to keep them in the profession.

Conclusion 2: Professional learning experiences explicitly addressing identity are valuable
to STEM GTAs. Creating representations of their professional teaching identity can serve
as a powerful metacognitive tool for STEM GTAs to reflect on their instructor
positionality.

I will be a science instructor this fall semester, and actually teaching is a part of
the development of my Science Instructor Identity. “We teach who we are” –
Parker J. Palmer. I wrote this quote down during module 1 and it is a very true
statement. I hope by assessment of self, researching science and constant
reflection, I become the best self to then teach to others. (Melanie)
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Science Identity
In designing this course for STEM GTAs, I took the time to reflect upon my experiences
as a student and instructor. The literature on faculty development often pointed to course design,
class management, assessment and best practices, and so I started the search for resources in
these areas. After about two weeks, I came up with six modules that reflected a condensed
version of a semester course. I felt pretty good about it until I asked myself this question – What
do we want our STEM faculty to be able to do?
In my science education courses, we were constantly reminded in the literature that we
were responsible for developing a STEM literate citizenry. I have always believed that my best
teaching experiences come from sharing parts of one’s self. As I thought about my experiences
as budding scientist, I asked myself how did I come to be? How did I develop this identity? Who
influenced me?
The first time I came upon this model of science identity (Carlone and Johnson, 2007), it
had a profound effect on my thinking. It changed everything about my beliefs about science and
science teaching. To both my surprise and joy, I discovered that my peers felt the same way I felt
four years ago. When asked what they enjoyed most about Module 1, participants shared
comments such as those in Figure 15.
Instructor Positionality
The use of self- reflective activities for professional development have been viewed as a
powerful tool for novice instructors (Dotger, 2011; Gartland et al., 2015; Schussler et al., 2008).
Although Module 2 (Creating Inclusive Environments) was not used for this study’s data
analysis, several GTAs referred to this session as one that helped them think about how best to
connect to their students. By using the teaching identity model, they created in the Module 1,
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GTAs were able to reflect on who they were personally and professionally and how these
identities influenced the choices they made about the content and the processes they wanted their
students to learn. STEM GTAs were so fascinated by model and creating their own model:
I do think it's good to reflect on the factors that shape the instructor identity, and
I'd like the facilitators to talk more about what we can actually do about those
factors to facilitate effective teaching. (Anonymous GTA)

Conclusion 3: Educational Developers and departments should provide graduate students
with mastery experiences and mentorship to help develop their academic self-concept and
professional teaching identity development.

Extant research supports the need STEM GTAs expressed in this study for mastery
experiences and mentorship. Several researchers have found that the graduate student’s academic
self-concept is a strong predictor of interest in pursuing an academic career (Awad, 2007; ÜlküSteiner et. al, 2000; Ostrove et al., 2000) and a strong measure for career commitment (ÜlküSteiner et. al, 2000). In a study investigating the doctoral student experiences in programs that
were either predominantly male or gender-balanced, Ülkü-Steiner and colleagues (2000) found
that women in male dominated programs expressed lower self-academic, self-concept and lower
career commitment compared to their colleagues (Ülkü-Steiner et. al, 2000). In another study
investigating the differences in academic self-concept, sense of belonging and advisor support
between domestic and international doctoral students, analysis of the relationships among the
variables revealed a major difference regarding the importance of advising on students’ academic
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self-concept (Curtin et. al, 2013). The group found that advisor support and sense of belonging
were independently associated with academic self-concept for the domestic student, whereas for

Figure 15. Participant Feedback to Module 1 Related to Science Identity
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international students, advisor support positively predicted academic self-concept. This is
not surprising, since studies indicate that, international students attach greater importance to
research and professional-related activities compared to their domestic counterparts (Arthur,
2004; Band & Montgomery; Curtin et. al, 2013; Mesidor & Fly, 2016).
The findings from these studies may explain some of the factors that influence career
choice for domestic students and women in STEM. Although many students pursue STEM
degrees to work in academia, many domestic STEM Ph.D. recipients opt for non-academic and
non- STEM careers (Austin, 2013; Sauermann & Roach, 2012). In contrast, many international
students remain in the United States looking to work in these fields (Lovitts, 2001; Ostrove et al.,
2000). As it pertains to gender differences, women in general are underrepresented in both
academic and non-academic STEM careers.
Educational developers, colleges and departments should therefore focus more intensely
on fostering positive relationships with their graduate teaching assistants so that they establish a
sense of belonging in their programs (Gartland et al., (2015). One way to do this is to perhaps
provide faculty mentors who they can go to for support or advice. By encouraging GTAs to
participate in faculty development programming and providing meaningful mastery
experiences, we may increase the likelihood that GTAs will be less likely to leave the
academy (Lovitts, 2001) and more likely to improve their self-efficacy and teaching
effectiveness.
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Teaching Experience Questionnaire
Gender
M

F

Prefer not to say

Race (circle one):
American Indian or Alaskan Native
Native Hawaiian
White

Asian
Pacific Islander
Prefer not to say

African American
Hispanic

Department: _______________________________
University Courses taught (currently): ___________________
Years of teaching: (For each course listed above, how many years of experience do you have as
the teacher of record? ________________________________________
Highest degree obtained: BA

BS

MA

MS

Ph.D.

Other

Undergraduate major: ________________________________
Advanced degree major (if applicable): __________________________
School(s) attended: ______________________________
Courses taught (indicate past and present): _____________________________________
Other teaching experiences (e.g. tutoring, camps, museums) _______________________
Other job experience (non-teaching):

138

VITA

Tam’ra-Kay is a STEM educator dedicated to developing strategies for reducing barriers
and increasing student attainment of STEM degrees. She obtained both her bachelor’s and
master’s degrees in Chemistry from Fisk University in Nashville, Tennessee. Realizing that early
exposure and preparation is essential in building a sustainable STEM pipeline, Tam’ra-Kay
enrolled in the Ph.D. program in Education (specialization in Science Education) at the
University of Tennessee, Knoxville. While at the University of Tennessee, Tam’ra-Kay worked
as a graduate teaching assistant with the Chemistry department, Educational Advancement
Program (Office of Diversity and Inclusion) and the Teaching Learning Center (TLC).
After reflecting on her experiences working with faculty, Tam’ra-Kay believes and has
seen first-hand how intentional programming can impact instructor identity and lead to faculty
use of evidence-based instructional practices. Her two-word mantra, “beyond category,” is the
center of her work and research interests, which include constructing culturally responsive
professional teaching identities and creating inclusive STEM curriculum that includes other
perspectives and voices. In 2014, Tam’ra-Kay was the recipient of the Jhumki Basu Scholars
award by the National Association for Research in Science Teaching (NARST). She was also the
recipient of the Donald H Wulff Diversity award for the POD Network in Higher Education in
2017.

139

